INTERNATIOMAL ENERCY AGENCY
LATIN AMERICAN ENERGY ORGANISATION

INTERNATIONAL COCPERATION
FOR
RATIONAL JSE OF ENFRGY IN INDUSTRY

Proceedings of an International Seminar on Rational Use of Energy in

Industry organized by the Latin American Energy Organization, the Inter-

nationa! Energy Agency, the Ministry of Energy and Mines of the Republic
of Peru, and the Commussion of the European Communities.

'LIMA
4-8 July 1983

O/CDE

L
OECED

PARIS 1983



TABLE OF CONTENTS

FOREWORD ........... Ceriieis b sesaans

AGENDA AND COMPOSITION OF BUREAUX

FINAL REPORT

Introduction ....oviuun.s

Opening Speeches ..... Ceeresenecne
Final Conclusions and Recommendations

PAPERS PRESENTED TO THE SEMINAR

s e ro s

LR N I I A A A Y

R N I I IR Y

e

“e P L el R LEVYIEELOIOBEARLEEDLOTS

Dietrich Barth/IEA, Energy Demand Management in
Industrialized Countries .

Cornelio Marchan and Ramon Flores/OLADE, Considerations
for Rational Use of Erergy in Latin American Industry .......

Jorge Aguinaga, Carlota Huaroto, Maximo hunez and
Donald Tarnawiecki/Peru, Energy Consumption in the
Peruvian InduStTY ..ovivviiiininrenennnnnnns. Cereeenan .

M.W. Horning/Nctherlands, Rational Use of Energy and Qil-
Substitution in the Textile Industry

Hugo Serrano Marino/Columbia, Rational Use of inergy i1 the
Textiles Industry: "The Colombian Experience" ..........

Teofilo de la Turre/Costa Rica, Rational Use of Energy in

Transmission and Distribution of Electricity: "The

Experience of Costa Rica” ....

cse e

LR R N N )

es e

15
17
32

36

44

64

101

117

137



Siegfried Schindler/Federal Republic of Germany, Rational

Use of Energy and 0il-Substitution with Particular

Erphasis on Electric Energy in the Federal Republic

of Germany ........ Ceeectetaenaanae et e tecasercatanererensnsens 173

Francisco E. Granadino/El Salvador, Rational Use of Energy
In Electricity Production - Energy Consumption in Industry:
"Synopsis of £l Salvador" .......... ettt teeitieiataenasans tenee 213

Knut Berge/Denmark, Options to Improve Fuel Efficiency and
Coal Use in Electriity Generaiion, Combined Heat, ard

Power Ceneration ................ Ceeirieaeen Cieeens Ceeeecsananae 238
Julian Jatem/Venezuela, The Use of Energy in SIDOR ..iivvennnnss 258
Naoaki Suzuki/Japen, Erergy Saving in the Japanese

Steel Industry ............cuuv.. et tecietatanae Creianeranasee 269
Rosenval Jorge de Oliveira/Brazil, Rational Energy Use

in Brazil's Iron and Steel L aTo V-] o VA Srrersecitetannnan 289
Marc Grumbach/France, The New Energy Strategy ....ccvevieneiees. 314

Eli Campos Sandoval/Mexico, Rational Use of Energy in
the Iron and Steel Industry: "Experience with Blast
Furnaces in Mexico™ ........vveevvnnnnnnennn. Ceeehererecsaanenns 339

Hugo Bonomelli and Valerio Rioseco/Chile, Rationalization of
Consumption in Great Copper Mining: "Energy in Codelco -
Chile" it i, Cheees Ciecearesas Creeiiscasenas 361

Jane Carter/United Kingdom, Rational Use ¢f Energy in the
Non-Ferrous Metals Industry (other than ALUMINium) ............. 384

Ralph Sheneman/U.S.A., Rational Use of Energy in the
Aluminium INAUSETY v.v''uvrennnnnnnn... Cedeea cheaee cerirtcerenans 410

César Fuentes/Peru, Rationalizaticn of Energy Consumption
in MINERO PERU's Cajamarquilla Zinc Refinery ..ivevinvececennns, 430

Vladimiro Camacho Rodriguez/Colombia, Rational Energy
Use in the Cement Industry Cetelcatenereeerestettetannensenannns 437

Brian Wilson/Australia, Rational Use of Energy in
the Cement Industry ....... tee eeans Ceeeetaatesnracnsencannnnane 453

Luis 0. Galvez Taupier/Cuba, Rational Use of E£nergy in
the Sugar Industry: "The Cuban Experience" ettt treiecereeenns 470

Juan Carlos Llorente Chala/Spain, The Problem of Energy
Savings in Sugar Manufacturing oovviiiiiii ittt 486

Gary Gaskin and Juiio Gamba/world Bank, Factors which
influence the Rational Use of 0T oo 515

Fausto Furnari/Brazil, Policies for Planning and
Implementing Rational Use of EMELGY v.uveeenvevenenseeseenennns. 529



Graham T. Armstrong/Canada, Policies for Rational Use
of Energy and Interfuel Substitution: "The Canadiar

Experience" ...

teeerssossss s s L R R N AR AN N A I S NI A

José Ramon Acosta/Dominican Republic, Energy Conservation
in lndustry and Transfer of Technology ....ecvu... ceserrrrannana

Ubaldo Zito/EEC, European Community Energy

Demonstrztion Scheme

Ulises Ramirez 0lmos/OLADE, Possibilities for International
Cooperation in the Field of Rational Use of Energy ..ovvevennnn.

J. Wallace Hopkins/IEA, Possibilities for International
Cooperatior in the Field of Rational Use of EPBIgY ceivevenenens

LIST O~ PARTICIPANTS

556

573

580

600

615

625



FOREWORD

National and international energy policies have increasingly recognized
over the last decade the necessity of a more rational use of energy, in
oarticular of scarce depletahle and costly energy resources such as ogil.
Improving energy efficiency means enhancing general economic productivity and
competitiveness and reducing natinnal dependence on energy imports. It helps
to develop domestic resources and employment and to ease pressures on the
national balance of payments. Overall, it will have to play a major role in
developing better balanced, more economic and stable energy economies in all

countries of the world.

Industrv is the greatest energy consuming sector in many regions of the
world. It also provides large potentials for further progress in energy
efficiency. It was, therefore, decided to hold a semimar on rational use of
energy in industry which took place in Lima from 4th to 8+h July, 1983, and
was jointly oraanised by the Latin American Energy Organisation (OLADE), the
International Erergy Agency (IEA), the Commission of the European Communities
(EEC) and the Government of Peru. Financial support for the Seminar was also
received from the Government of the Federal Republic of Germany, the Canadian
International Development Agency (CIDA) and the United States Agency for
International Development (USAID). The Seminar was formally inaugurated and
closed by Dr. Fernando Montero Aramburu, Minister of Energy and Mines, on
behalf of the President of the Republic of Peru, Fernando Bzlaunde Terry.

In addition to representatives of the organizing institutions and other
international organisations, representatives of the public and private sectors
from the following member countries of OLADE, IEA and EEC also tonk part:
Bolivia, Brazil, Chile, Colombia, Costa Rica, Dominican Republic, Ecuador, El
Salvador, Guatemala, Haiti, Honduras, Jamaica, Mexico, Nicaragua, Panama,
Paraguay, Peru, Suriname, Uruguay, Venezuela, Federal Republic of Gerwany,
Australia, Canada, Denmark, Spain, United States of America, France,

Netherlands, United Kingdom, Italy and Japan.



The aim of the Seminar was ta exchange experiences between OLADE, IEA
and EEC countries in the field of rational use of energy in a number of
industrial sectors such as textiles; generation, transmission and distribution
of electricity; iron and steel; non-ferrous metals; cement; and sugar.
Instruments and technologies for rational use of energy in industry were also
discussed as well as possibilities for international cooperation in this field.

The 29 presentations on these issues by 14 experts from IEA/EEC
countries and 15 from Latin America and the World Bank represented a wide
spectrum of background and experience in the field of rational use of energy
in industry. All were invited to participete in the Seminar in their
individual capacities as experts in their fields. Thus the technical papers
and summaries of discussions in this publicaticn represent their views alone
and should not necessarily be taken to represent the views of their
governments or organisations.

The Seminar provided the platform for a most useful exchange of views
based on the presentations which were of high technical quality. Its success
has underscored the utility of international cooperation of this type in
bringing together people of differing backgrounds and experience but with the
common objective of making more rational use of a precious resource.

Our thanks are due to all who contributed to this success; the speakers,
those who gave financial support, the Government of Peru for its most generous
hospitality and to all those who helped assure the successful outcome.

By publishing the proceedings of the Lima Seminar, OLADE and IEA intend
to make the important information that was under discussion at this meeting
available to all interested parties, both in developing and developed
countries. At the same time we want to convey the message that there is not
only a need but a real chance to cooperate on a broad international basis to
bring about a better global energy balance in the present era of energy

transition.

Ulises Ramirez Olmos Ulf Lantzke

Executive Secretary Executive Director

Latin American Energy Organisation International Energy Agency
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AGENDA
AND
COMPOSITION OF BUREAUX

Monday, 4th July, 1983

Welcome and introduction to the Seminar by:

- Ubaldo Zito,
Head of Energy Savings Division,
Commission of the European Communities (EEC)

- J. Wallace Hopkins
Deputy Executive Director
International Energy Agency (IEA)

- Ulises Ramirez Olmos
Executive Secretary
Latin American Energy Organisation (OLADE)

- Fermando Montero Aramburu
Minister of Energy and Mines
Republic of Peru

MANAGEMENT OF ENERGY DEMAND IN INDUSTRY#*

Chairman: Ulises Ramirez Olmos
Executive Secretary of OLADE

Speakers: - Dietrich Barth
Head of Energy Conservation Division
IEA

- Cornelio Marchan
Director of Economic Studies and
Energy Planning, OLADE

- Donald Tarnawiecki
UNDP/MEM
Peru

Rapporteur: Gloria Villa
Costa Rica

* All speeches on a given sector were followed by a question-and-answer
session.



RATIONAL USE OF ENERGY IN THE TEXTILE INDUSTRY

Chairman: J. Wallace Hopkins
Deputy Executive Director
IEA

Speakers: - M. W. Horning,

General Energy Policy Department
Ministry of Ezonomic Affairs
Netherlands

- Hugo Serrano Marino
Superintendent of Technical Services
ENKA de Colombia

Rapporteur: Carlota Huaroto
Peru

Tuesday, 5th July 1983

RATIONAL USE OF ENERGY IN THE GENERATION,
TRANSMISSION AND DISTRIBUTION OF ELECTRICITY

Chairman: Augusto Martinelli Tizon
President Electrolima
Speakers: -~ Teofilo de la Torre
Costa Rican Institute of Electricity
Costa Rica

(Presented by Mario Hidalgo Pacheco
Costa Rican Institute of Electricity)

~ Siegfried Schindler
Engineering and Sales Manager
Kraftwerk Union AG
Federal Republic of Germany

- Francisco Granadino
Lempa River Executive Hydroelectric Commission
El Salvador

- Knut Berge
Head of Engineering Development Department
ELKRAFT Power Co.
Denmark

Rapporteur: Roland Castillo
Guatemala

- 10 -



Chairman:

Speakers:

Rapporteur:

Chairman:

Speakers:

RATIONAL USE OF ENERGY IN THE IRON AND STEEL INDUSTRY

Rene Barbis
Regional Secretary
ILAFA

Peru

- Julian Jatem
Head of the SIDUR Research Center
Venezuela

- Naoakl Suzuki
General Manager
Nippon Steel Corporation
Japan

- Rosenval Jorge de Oliveira
President of the Energy Committee
Brazil

- Marc Grumbach
Institute of Iron ana Steel Research
France

- Eli Campos Sandoval
Altos Hornos de Mexico, S.A.
Mexico

Gloria Figueroa
Venezuela

Wednesday, 6th July 1983

RATIONAL USE OF ENERGY IN THE NON-FERROUS METALS INDUSTRY

Erik Tjon Kie Sim
Minister of Natural Resources and Energy
Suriname

- Hugo Bonomelli
Technical Director of Codelco
Chile

-~ Jane Carter

International Energy Efficiency Consultants
England

- 11 -



Rapporteur:

Chairman:

Speakers:

Rapporteur:

Chairman:

Speakers:

- Ralph L. Sheneman
Branch Chief
Department of Energy
United States

- Cesar Fuentes
Manager of the Zinc Refinery of Cajamarquilla
Peru

Graham T. Armstrong
Canada

Thursday, 7th July 1983

RATIONAL USE OF ENERGY IN THE CEMENT INDUSTRY

Dietrich Barth
Head of Eneray Conservation Division
IEA

- Vladimiro Camacho Rodriguez
Samper Cement Compaiy
Colombia

- Brian Wilson
Former Research Manager of
Goliath Portland Cement Co,
Australia

Jane Carter
England

RATIONAL USE OF ENERGY IN THE SUGAR INDUSTRY

Altagracia Rivera de Castillo
GEPLACEA

- Luis 0. Galvez Taupier
Vice-Minister of Sugar
Cuba ,
(Presented by Roberto Caceres, OLADE)

-~ Juan Carlos Llorente Chala
Programme Director
Ministry of Industry and Energy
Spain
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Rapporteur:

l‘

Arnaldo Veras
IICA

Segundo Torres
Uruguay

Marco Campodinica
GEPLACEA

José Villanueva
Feru

Roberto Caceres
OLADE

INSTRUMENTS AND TECHNOLOGIES FOR RATIONAL USE OF ENERGY IN INDUSTRY

Chairman:

Speakers:

Rapporteur:

Radl Fajardo
General Director
ITINTEC

Peru

Gary Gaskin
Energy Department
World Bank

and
Julio R. Gamba
Industry Department
World Bank

Fausto Furnari
IPT
Brazil

Graham T. Armstrong

Director of Policy and Co-ordination
Department of Energy, Mines and Resources
Canada

Ubaldo Zito
Head of Energy Savings Division
EEC

José Ramon Acosta

Dominican Republic

(Presented by Francisco Castillo
Dominican Republi~)

Jorge Aguinaga
Peru



Friday, 8th July 1983

POSSIBILITIES FOR INTERNATIONAL CO-GPERATION
IN THE FIELD OF RATIONAL USE OF ENERGY

Chairman: Basil B. Buck
- Minister of State
Jamaica

Speakers: - Ulises Ram{rez Olmos
Executive Secretary
OLADE

- J. Wallace Hopkins
Deputy Executive Director
IEA

- Ignacio Soto
Ministry of Emergy and Mines
Peru

Rapporteur: Eduardo Pascual
OLADE

ADOPTION OF THE FINAL REPORT
CLOSING SESSION

Closing remarks by:

- Ulises Ramirez 0lmos
Executive Secretary
OLADE

- J. Wallace Hopkins
Deputy Executive Director
IEA

- Fernando Montero Aramburu

Minister of Energy and Mines
Republic of Peru
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FINAL REPORT OF THE INTERNATIONAL SEMINAR ON RATIONAL USE OF ENERGY IN INDUSTRY

I, INTRODUCTION

1. The Semimar on Raticnal Use of Epergy in Industry was held in the
city of Lima, from 4th to 8th July, 1983. It was organized by the
Ministry of Energy and Mines of Peru, the Latin American Energy
Organization (OLADE), the International Energy Agency (IEA), and the
Commission of the European Communities (EEC). It was carried out
under the auspices of the United States Agency for Internmational
Development (USAID), the Government of the Federal Republic of
Germany and the Canadian International Development Agency (CIDA).

2. The event was opened and closed by the Minister of Energy and Mines
of Peru, Dr. Fernando Montero Aramburu, on behalf of H.E. The
Constitutional President of the Republic of Peru, Fernando Belaunde
Terry, and the Government of Peru. The Minister of State of
Jamaica, Basil B. Buck; the Minister of Natural Resourcez and Energy
of Suriname, Erik Tjon Kie Sim; the Executive Secretary of OLADE,
Ulises Ramirez; the Deputy Executive Director of the International
Energy Agency, J. Wallace Hopkins; and Mr. Ubaldo Zito,
representative of the Commission of the European Communities, also

participated in the Seminar.

3. 193 representatives; of the public and private sectors from the
following member countries of OLADE, IEA and EEC participated in the
Seminar: Bolivia, Brazil, Chile, Colombia, Costa Rica, Dominican
Republic, Ecuador, El Salvador, Guatemala, Haiti, Honduras, Jamaica,
Mexico, Nicaragua, Panama, Paraguay, Peru, Suriname, Uruguay,
Venezuela, Federal Republic of Germany, Australia, Canada, Denmark,
Spain, United States of America, France, Netherlands, United
Kingdom, Italy and  Japan. Aside from the organizers,
representatives from the following international institutions also
participated: 1DB, UNDP, World Bank, GEPLACEA, ILAFA, IICA, ICAITI,
ECLA, UNIDO, SIECA, JUNAC and OAS.

...15_



4,

The Seminar was developed within the framework of the Latin American
Energy Cooperation Program !PLACE) and the cooperation programs of
the International Energy Agency and the European Communities. It
also forms part of the activities of the organizing institutions
towards fostering the rationalization of energy production and
consumption in their member countries.

The major objective of the event was to promote the exchange of
experiences in the field of rational use of energy in the industrial
sector among the Latin American countries and between these and the
industrialized countries, as well as to identify possivilities for
international cooperation in this field.

The industrial sectors analyzed during the event were: textiles;
generation, transmission and distribution of electricity; iron and
steel; non-ferrous metals; cement; and sugar. Several aspects of
industrial energy management instruments and technologies as well as
possibilities for international cooperation in the field of rational
use of energy in industry were also dealt with. In all, 29 central
Papers were presented: 14 by speakers from industrialized countries
and 15 from Latin America.

Fifteer official and individual contributions from OLADE member
countries were also distributed.

Nine working sessions were set up to analyse the topics dealt with
in the papers and to elaborate a set of conclusions and

recommendations.

During the event a visit was made to the Zinc Refinery of
Cajamarquilla, located 29 kms. northwest of Lima.

- 16 -



11.a,

DPENING REMARKS
8Y
UBALDO ZITO
COMMISSION OF THE EUROPEAN COMMUNITIES

Mr. President, Ladies and Gentlamen

1)

2)

It is an honour for me today to participate, together with Dr, Ramirez,
Mr. Hopkins and his Excellency r., Montero, Minister of Energy and Mines
of Peru, in the opening session of this iinportant international seninar

on rational use of enargy in industry,

On behalf of the Commission of the European Cammunities, I would like to
wamly thank the Peruvian Goverment for hosting this semimar. Th@s
demonstrates once more the deep involvement of Pery in the developnent
of ‘nternational cooperation,

Since ariving only last night, I have been tasting the pleasure of
spending a week in this historic and beautiful Latin American country.

On this occasion, I would also like to thank Dr. Ramirez, Executive
Secretary of OLADE and Mr, Hopkins, Deputy Executive Director of the
International Erergy Agency, together with their staff, for all the
effort put into the organizing of this seminar, jointly with the

Canmission of the European Canmunities,
Rationali use of energy is a subject of a great importance. Today,
productivity in the use of energy is a central theme of econamic,

industrial and employment policies.

The transition to greater energy efficiency and the substitution of oil
by other fuels, remains a primary goal of all our Goverments,

The challenge must be to use a drive for erergy-efiiciency as a means of

becaning more prosperous, not less prnsperous.

_17_



3)

4)

The central idea of rational use of erergy is that erergy resources can
be used more efficiently by applying measures which are technically
feasible, econuomically justified and acceptable from the envirommental

and social point of view.

To acnieve this, we still need bestter menagement to gain higher energy
efficiency in all phaszs uf using ratw al resources, from exploitation

to utilization.

The past three years have brought dramatic changes on the world oil
market as it adjusts to new and very different market conditions., The
price increases of 1979/80 contributed substantially to the danaging
depression of econanic activity which has been witnessed throughout the
industrialized world. But on the positive side, they had a direct
effect on the demand for il and on the supply and use of wother fuels,
They also changed the perceptions and behaviour of Governments in
oil-consuning and cil-producing countries alike, and those of campanies

and individuals inside ond outside the oil industry.

The canbination of thess factors pushed world oil demand down by a
staggering 20% in 3 years and with this has came the fall in the price

nf crude oil itself.

These changes carry impertant lessons for energy policy and set a new
context for future action. The new situation requires a different
response tran that of the past, building on the successes of the past
but learning from the mistakes; capitalizing on the opportunities while
minimizing rhe risks; and providing a solid bridge fran the present to a

more certain future.

The Lessons of the Past

One key lesscn fram the past is that energy nolicy brings clear

rewards. Sane of the gains that have been made are due to the efforts

of Govermments to ericourage more rational erergy use and a less

vulnerable anc more diversified pattern of energy supply.


http:staggeri.ng

Arother lesson is that market forces are very much alive and well in the

energy field, working during the past three years vigorously in support
of our energy policy objectives.

We must not assune that the present oil market situation is here to
stay. If, as a result of this new situation, the short-tem econanic
outlook will be better for all countries, the longer-tem is clearly

less secure,

We have meanwhile a "breathing space", to consolidate the gains of the
past and to put the future on a sounder footing.

Falling oil prices and changing perceptions about their future evolution
will certainly make the realization of the ratiomal use of energy

objectives even more difficult.

The risks are of two kinds: The first is that Governments will put
energy policy on a back-burner &as the other and more immediately
pressing issues of employment and inflation continue to daninate the

political debate.

The second is that consuners and investors in both the public and
private sectors will see little market incentive to sustain the pace of
restructuring when investments outside the enzrgy sector begin to show
substantially quicker returns as the relative price of energy falls.

But rational use of erergy is so fundamental to the successful pursuit
of the general econanic aims that it should have special priority
treatment. If the main objective of energy policy is to prevent a
rationing in the growth of goods and services in the years to came,
rational use of energy investment should be made a major beneficiary
rather than a potential casualty of falling oil prices.

By using in the energy sector same of the resources freed by falling oil

prices, the risk of a longer-tem energy constraint on growth can be

Teduced.

- 19 -



8)

This is the background to our Seminar

I am sure that our discussions and conclusions here this week will be a
major contribution to those people involved in Govermment and industry
who have to cope with these problems.

_20-



II.b.
OPENING REMARKS
BY
J. WALLACE HOPKINS
DEPUTY EXECUTIVE DIRECTOR
IEA

Mr. President, Ministers, Ladies and Gent lemen,

The International Erergy Agency is pleased to be represented here in
Lima to take part in this co-operative effort with OLADE, the Cammission of
the European Canmunities and the Govermment of Peru. We are especially
grateful to the Goverrment of Peru for providing such axcellent facilities in
this ancient, famous and delightful capital city. We are grateful also to the
European Canmission and to the Governments of the United States, Gemnany and
Canada for their financial contributions. And, we thank the World Bank and
the Inter-American Development Bank for their active participation in this
event, and of course also all the individual speakers, many of whom have
travelled long distances to share their experience witbh this seminar. I would
like also to express my personal appreciation to Dr. Ulises Ramirez and his
splendid staff at OLADE headquarters. 1 know that he and they have worked
long and hard to oring this event about, and his inspiration and persistence
have been an indispensable SUppOrt to everyone working on this project.

All these contributions are clear evidence I think, to two main points:

- first, - the importance which countries, organisations and
individuals attach, in tneir own work, to energy, and especially to
the rational use of energy;

- and the second - the importance of co-operative irternational
activities, among countries, and within organisations and between
organisations, in overcaning energy problems. This clearly
reflects the fact that energy is fundamentally an international
matter,

- 21 -



Erergy is the largest single category of intermational camnerce.
Energy trade flows account for more than 25 per cent of all world trade.

No nation can be considered truly independent in energy tems, A few
countries may be self-sufficient in one or more fuels, but for the long-temm,
every country will have to play an international role in erergy.

Within the overall energy field, "energy conservation" is the tem we
have traditionally used as a snorthand expression. But it is not really a
very good temn. We are moving more to the temm '"ratiomal use of energy"
Decause it expresses two ideas - energy efficiency, and the appropriate choice
of fuel mix. Thus it conveys a sense of the true value of energy to our
society - mot the sense of saving eneryy by "doing less", but rather "doing
more with less energy" for many cases, even using more energy but getting far
more econanic and social benefits than if it is used unwisely. It also
reflects the importance of a balanced fuel mix which is more efficient and
stable than heavy concentration in any one fuel.

The benefits of energy efficiency are numerous and widely recognised:

~ it generally increases output and productivity for a given irput of

costly energy.

- it bhelps to improve the balance of payments, both for energy
importers by reducing potential import bills, and also for energy
exporters by increasing the total amount of their resources
available for export over the longer tem;

- 1t inproves the ability of econanies to adjust to sudden changes in

energy markets;
- 1t provides time for the transition toward the period when

depletable fossil fuels will no longer be able to provide the bulk
of energy needs,

-~ 22 -



These are all important supjects in the short-tem, and especially
under the econanic conditions which are prevalent in the world today.

But they also have a strong long-term camponent. Changes in energy-use
patterns take a long time; they depend on the habits and decisions of
millions of individual Consumers; and many decisions on energy efficiency
Decane fixed for years in a capital stock of boilers, cars, roads, houses,
factories. What we decide now will therefore affect our energy economies for
a very long time to come. And of course, it is this long-tem component which
is the more difficult to get across politically.

So much for energy itself. Now I should like to mention the second
main reason whicn brings us all together, and that is the recognised need, and
the demonstrated willingness, for international co-operation. This gathering

expresses two different, but canplanentary, elements.

First, the common agreement wnich exists within organisations, and to a
very large extent anong them, as to the importance of moving together to
achieve similar goals, which can broadly be expressed as a stronger world
econany. This would bring us together, whether we are net exporters or net
importers, whether we are industrialised or developing countries, whether our
econanies and industries are managed more by the State or by the private
sector, and whether our political institutions differ.

Secondly, the fact that these differences do exist. They are indeed a
source of richiess and strength, but they also mean that though policy goals
are similar, the specific policies used to reach them must be tailored to the
specific situation of each country, its traditions, its institutions, its

economic and political structures.

Finally, we have learred that the subject of erergy, and especially the
rational use of energy, is far more camplex than it may appear at first
glance., The use of erergy is thoroughly tied Up to almost every goal which
our societies seek, fram eccnomic growth to all the individual social goals
which grow fran that, It is easy to proclaim one's support for a goal as
universally accepted as the rational use of energy, but it is another thing to
make the difficult political decisions aoout funding and pricing which are
often involved.

- 23 -



For erergy questions are profoundly political - both because of their
importance to the lives and well-being of our nations and our peoples, and
because of the difficulties all govermaents face in building the public
understanding and support necessary to achieve effective results.

You will hear more about this in detail fram experts fram many
countries during tine course of this week. Each of our countries, each of our
organisations, have had different experiences in this field - scme successful,
sane less successful. But tne problems that face all of us in improving
energy efficiency, and finding a better fuel mix, particularly in industry,
are similar enough that we should all b= able to learn fram one another. This
is, of course, the very essence of internmational co-operation - drawing on
conmon agreement as a foundation and using the diversity of individual
experiences and circumstances to arrive at a better result than any of us

could achieve alone.

This is the basic raison d'étre of the International Energy Agency and
all other energy organisations - to share one's own cexperience and to learn
fran the experiences of others. We are happy to be here for that purpose this
week on a broader international scale, and as our work together progresses, I
will be nappy to discuss ways in which this kind of co-operation could be

carried forward and expanded.

Thank you.

- 24 -



Il.c.
OPENING REMARKS
BY
UL.-SES RAMIREZ
EXECUTIVE SECRETARY
OLADE

"What is destroyed is of no use to anyone; in a word, what is destroyed is

ours and little remains for us to destroy".

This guotation fran the liberator Simon Bolivar, recalled here today only
shortly after the celebration of the bicentennial of his birth, gains special
significance, because it indicates how the forgers of our younq nations gave
special attention to arousing awareness as to the value of preserving moral

and material resources.

Conservation has thus aided in shaping our energy culture. While nowaday s
this includes an important external component, based on our emulation of the
consunption patterns of industrialized nations, for Latin America the concept
of erergy savings refers more Lo the transfer of each calorie saved fram
wasteful ends to the satisfaction of the needs of those sectors of the
population that have been deprived. Thus it is not a Question of saving "for
the sake of saving", but rather saving in order to increase supply; hence the
Seninar at which we are Present today and at which the keynote topic is
rational erergy use. This clearly, demonstrates the degree of awareness of
our society, of the need to utilize our ability to reason in order to avoid
the waste of the scarce, non-renewable energy that has been fueling the world

econany.

This rationalizing process has applications ranging fram more widespread
development of our indigenous resources, to actions taken in the process of
transfomation and end use in order to avoid waste.

In this regard, we are facing, from the technological standpoint, the same
realities as those faced by the developed world; but, nevertheless we have
available a wider range of alternatives: on the one hand, there is an abundant
diversity of energy resources, within which hydrocarbons hold an important
place, alongside hydroenergy, coal and geothemnal energy, bigmass and solar
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radiation. At the came time, while the structure of our consunption is based
on the intensive use of hydrocarbons, the intensive use of biamass, with its
adverse effects on the ecology and the agricultural economy, is not to be

overlooked.

The ideas set forth above indicate that we have to use our indigenous
resources in a more appropriate fashion, expleiting those of lower sccial
costs and great availability, guaranteeing envirormental protection and
pemitting the substitution of ill-used petroleun. Likewise, we have the
responsibility of transfoming our inefficient industrial plant and services

into one that consunes a smaller anount of energy per unit of product.

Both alterratives must copz with the reality of a world in which they must
conpete for fipancial resources at a mament of international crisis,

especially for the Latin American countries.

Fortunately, in Latin America, energy is not and has never been a motive for
confrontations between oil importers and exporters; instead, it has opened the
way for more intensive institutional and conmercial relations, as demonstrated
by the Cooperation Agreement of Mexico and Venezuela and the Trinidad and
Tobago 0il Facility, with Central American ard Caribbean countries, as well as
the existence, within OLADE, of the Latin American trergy Cooperation
Programme (PLACE), by means by which all of cur installed capacity in the
energy sector 1is incbilized to foster evaluation, development and betler
utilization of the Latin American potential. These programs thus serve as an
example of how Latin America is meeting this transitional stage of erergy
development, in an orderly and coherent way, and with a great sense of
solidarity.

Along with this movement of South-3outh cooperaition, we want to have
collaboration fran the North, because we are aware of the fact that in the
inter-dependent world of today no country is an island able to resolve ifts
most pressing needs by itself. It is therefore necessary to seek out
alternatives to make this cooperation flow within the franework of
international social justice, which it will only be possible to obtain through
a frank dialogue such as the one we are about to enbark upon in the
interesting field of enmergy use in industry. Indeed, in this regard, it is
worthwhile to note the diversity of support that has came together for the

realization of this Seminar.



First and foremost we must recognize the support of the Peruvian nation, whose
goverrment has opened its doors to us through the Ministry of Energy and
Mines, as personified Dy Minister Fernundu Mortero. Just as in 1973, when
here in Lima the founding document of OLADE was signed, and in 1981 when the
fomulation of the PLACE was consolidated, results will be produced within the
framework of the postulates of the North-South Dialogue to strengthen the

establishment of a New International Econanic Order.

Secondly, the International Energy Agency and the Camnission of the European
Camunities, have recognized with foresight the importance of the place which
regional organizaticns such as OLADE may well hold by the end of the century.
To thase ‘g organizations, as well as the Govermments of Gemany, Canada and
the United States, which contributed to funding this Seminar, we must
acknowledge their happy iitiative.

Mr, Minister of Peru, I would request you to extend to the President of the
Republic, on behalf of the energy camnunity gathered together on this
occasior, our most heartfelt expressions of gratitude for your country's
gererous hospitality, and our desire that the work undertaken here this week
May produce special benefits for your country as one member of the family of

Latin American nations.

Mr. Delegates, the state is set for you, who represent the most important
activity on the energy consunption scene, that is industry, to orient us and
guide us in an appropriate direction in this year of OLADE's tenth danniversary
and its new phase which we tem "Energy Self-Sufficiency with Technological

Autonany".

May our accanplishments serve to strengthen the confidence of our peoples in
their qoverrments, in their businessnen, and in international cooperation,

Thank you very much,
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II.d.
OPENING REMARKS

3Y
H.E. FERNANDO MONTERG ARAMBURU
MINISTER OF ENERGY AND MINES OF PERU

On behalf of President Fernando Belaunde and the Govermment of Peru, I am
pleased to extend to you all a most cordial welcome and, at the same time,
congratulate the Latin Ameriran Energy Organization for the initiative of
organizing this Seminar, which we feel to be transcendent. In doing so I
would also like to thank the International Energy Agency and the Cammission of
the European Communities, as well as those friends who have supported this
Semninar; because 1 believe that the support of all these persons and
institutions has made it possible to bring together here in Lima a high-level
technical group fran developed and developing countries alike, which will
surely pemit an exchange of mutuaily beneficial experiences.

This Seminar is being held at a particularly critical manent in time. In
Latin America, the international recession, which began to sharpen as of 1980
and which has given rise to a substantial drop in the prices of the Latin
American countries' major exports, both of raw materials as well as
manufactured goods, has brought about serious deterioration in our tems of
overseas trade. Later on, as a result of the monetary policies applied by the
developing nations, the world as a whole experienced higher interest rates,
which camplicated still further a panorana which had already became critical.
Currently, we are facing a series of problematic restrictions in the fields of
credit and trade,

This set of circumstances shapes a critical panorama, and it is possible that
some of you are wondering what all this is leading up to. This is a seminar
on enrergy and not on international econanic policy. However, I think it
fundamental to mention this concern of the Latin American countries, regarding
a pronlen which is certainly one of the utmost urgency in today's world for we
are of the opinion that this problem is not going to be resolved if there is
no dialogue and ro concerted effort based on the belief that we are living, as
Prime Minister 7Trudeau has said, in a world of growing interdependence in
which the policies that are being adopted must take into consideration that
the world is one and that tnere is no room for egoistic policies which will
inevitably turn but to be, as they always have, counterproductive.
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You must pardon this digression, yet it is important to touch on this urgent
thene before going on to the kzynote of the meeting, and I think it is timely
to indicate those aspects which are foremost in our minds; neither would I
like to fail to mention the importance of Rational Use of Energy today, and I
an sure that we here present feel that this will continue to be an enomously
opportune and transcendent topic in the future.

Usually, in handling goverrment affairs there has to be a balance and a set of
priorities whicn are sametimes difficult to get, in tems of what is urgent
and what is important. Tnis week I think we are going to be dedicated to
d2aling with affairs of singular importarce.

I an convinced that this problem and this subject dealt with here today are
indeed of singular importance for consuners as well as for the econamy as a
whole, Furthemore, it seans to me that, through this topic, we are going to
be able to deal with energy and energy problems in general, which hold so much
interest far us. Again, planning and ratioral use of energy resources will
vontinue to ne highly topical in the future.

In Peru we have long years of experience in developing our energy resources,
and we have a nunber of accanplishments in which we take great pride.
Nevertheless, a realistic analysis of the situation in which we find ourselves
today necessarily obliges us to be sober-nminded. We are a country that still
depends considerably on oil, a country in which we are using forestry
resources to .a greater extent than on 0il, a country in which we are using
forestry resources to a greater extent than our ability to replace them, a
country in wnich the development of our abundant coal reserves is limited to a
vanguard of small mining and industrial fimns; and finally, we are a country
which is taking its first steps toward the use of other sources of enreryy,
leading to a diversified supply, the cammon objective of any country.
However, we are working actively in this field, and Peru is granting great
importance to the problem of energy planning and rationalization.

We are continuing with aid and cooperation with institutions such as OLADE,
which are represented at this table, as well as many friendly countries. Base
studies are underway to cemit better planning of the country's energy
structures and we are also moving toward an energy Conservation Center, in
coordination with the Institute of Technological Research and Technical
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Standards (ITINTEC); this institute, also resulting from international
cooperation, has the rundamental aim of taking rational energy use and savings
to public and private users, in the field of practical applications.

This Goverment, since 1980, has been taking measures to encourage oil
exploration. The results have certainly been positive in terns of the suns
eamarked for oil exploration and development, but not so in temns of the
findings of recent years. MNevertheless, there have been other, encouraging
aspects such as the development of sane technologies which perhaps in the
future will allow a greater utilization of thne heavy o0il that we have in our
northern jungle; and perhaps this cane kind of technological advance can have
a great impact 1n sane OLADE menber countries having oil with similar
features. In the field of electric power, investments have been substantially
increased to give a push to hydroelectric resources, whose pctential we have
not fully tapped in Peru. The crisis to which I have referred has certainly
limited the possibilities for executing projects in the most tgchnically and
econanically feasible manner, deferring in many cases, and postponing in

others, sane of the maln hydro power developments in the country.

We are also working actively to make inore use of gas, coal and nuclear energy;
and in this regard, we anticipate its use for exclusively peaceful ends, but
we think that Il can and should be ore of the future sources within an econany

having sujtably diversified energy sources.

Finally, in teons of ome of the most interesting aspects of this seminar, we
have created a Naticnal Energy Council in which the public, private and
academic sectors will be represented. The National Ermergy Council will work
through a Technical Secretariat, which is the main organ of consultancy and
advice fron the Ministry of Energy and Mines; and through the Technical
Secretariat which we already have working. It will have three main
activities; first, to develop and achieve consistency among the different
sources of energy, planning policies for the mediun and long term; second, to
implenent rational use of energy, consisting both of savings as well as
optimal utilization of each country's energy resource balance; and third, and

very impurtantlv, to develop new and renewahle sources of erergy.



We are truly at a critical manent, I have wished to refer to and briefly
analyze some of the major problems that are affecting us; and I would like to
thank all of you who are going to participate in this Seminar because I think
that the nature of this event, the level of the papers, the institutions that
have supported it and the speakers that will be participating - all of this
will be an enriching ard rewarding experience for all of us. In closing, may
I, on behalf of the Peruvian Govermment, wish you success at the Seminpar and
reiterate that we are indeed honoured to have you here in this city of Lima.

Thank you very much.

..31_



FINAL CONCI.USIONS AND RECOMMENDATIONS

The continuous increases in oil prices that were witnessed in the last
decade especially the sharp hikes of 1973 and 1979-80, have changed the
economy of use for this form of energy and its derivates. After 1979, a
change in perceptions took place, including the need to review previous
energy policies and to consider programs for the conservation and

rational use of energy.

The papers presented and the debates held here indicate that in the
countries represented and in the sectors studied, there exists an
important potential for energy savings in the industrial sector, and
this should be explicitly considered within national energy plans.
Nevertheless, there are constraints of an economic, technical and
institutional nature which make it difficult to implement measures or
which limit their results.

As a consequence, the appropriate development and use of this potential
requires the State to define national policies in line with each
country's concrete realities and coherent with its policies for the
development of the sector as well as for the econmmy as a whole.

To this end, it will be necessary to fully employ both the management
capacity, incentives and disincentives, so that public or private
enterprise makes adeguate use of the potential for rational use of

energy.

In this regard, the States should formulate and execute national
programs including consciousness-raising and promotional activities
which demonstrate the need for, and possibilities of, using energy as
efficiently as possible.

Furthermore, within the limitations of the economic structures of each
country, the instruments to be used must be accompanied by suitable
pricing policies, while at the same time asuring that these are
compatible with broader socio-economic objectives.
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10.

Likewise, it is necessary to develop and consolidate a technical
infrastructure capable of providing the assistance and training required
at the plant level. Where outside advice or other forms of
international technical services are required, procedures aimed at
gu iinteeing a maximum transfer of technology to natiomal firms and
institutions should be employed.

Even within its financial limitations, the State should reorient
internal resources in order for rationalization projects to find
suitable amounts of funds under suitable conditions.

Continued programming for ratiomal use of energy requires the
development and consolidatinn of a suitable institutional base, by means
of regulation and through the work of relevan: organizations, all of
which will permit the better cooruination of public and private activity
in this field.

The creation of national centers to encourage rational use of energy in
industry should be a foremost element in institutional frameworks.

National programs for rational use of energy should consider regional
cooperation as g necessary complement to improving the viability and
effectiveness of national efforts in this area.

In order to attain this goal, it is useful for the Permanent Secretariat
of OLADE to design and coordinate a program on the ratiomal use of
energy, which would take into account not only regional aspects of the
problem but would serve as support for national action. Such a
programme should study, inter alia, the following aspects:

a) Creation of awareness as to the importance of the rational use of
energy.

b) Designs for surveys on energy consumption, energy balances by
industrial sector, and studies on the conservation potential in
specific industries.
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c) Study of legal and institutional aspects related to the rational use
of energy in the industrial sector.

d) Study of pricing policies and structures in Latin America.

e) Training of national staff for programmes of national couperation in
support of national efforts for rational use of energy in industry.

f) To promote and coordinate regional and international cooperation in
order to support national efforts in the rational use of energy in

industry.

The Member Countries and regional organizations should support the
programme on rational use of energy proposed tc OLADE, in order that
existing experiences and resources might be joined in a cooperative

effort geared to benefitting the energy development of Latin America.

Furthermore, the success of the seminar in Lima, reaffirms the
importance of exchanging experiences between countries having different
economic structures and levels of development. The fparticipating
organizations should continue such exchanges and should include in them

new regions or groups of countries.

In this regard, it would he useful for OLADE to promote and organize,
once every two years, an international seminar in which specialized
speakers from all of the regions of the world would discuss the advances
made in the field of rational use of encray.

Within this spirit of cooperation, the industrialized countries and the
international organizations alike, should give OLADE technical and
financial support necessary for the realization of the program and
future seminars on rational use of energy proposed to that Organization.

It is recommended that the international development agencies allocate
hinher priority to projects for the rational use of energy and support

national programs in this area.
It should be reiterated that OLADE is the suitable channel for making

viable international cooperation programs for the rational use of energy
in Latin America.
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Finally, the organizing entities and participants recognize the efforts
and the nhospitality of the Government of Peru, as expressed through the
Ministry of Energy and Mines and the national enterprises of the
industrial sector, without whose firm and enthusiastic support this
Seminar would not have been successful.
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Energy DBemand Management in Industrialised Countries

Introductory remarks by Dietrich Barth
Head of the Energy Conservation Division
International Energy Agency

I Introduction

Ever since the 1973 o0il crisis, OECD countries have used various
international fora to develop national energy policies through a co-operative
approach. Members of the International Energy Agency adopted twelve
Principles for Energy Policy in 1977 and agreed on further, more specific,
guicelines at subsequent Ministerial meetings. Others co-operate in the
framework of the European Ccmmunities. Energy problems have also been given
repeated focus at the meetings of the Economic Summit of the seven largest
Western, industrialised naticns. The energy policy objectives agreed upon in
all these various fora have usually focussed on increasing energy efficiency
and replacing oil with other enmergy sources. Given the limited and depletable
nature of oil resources, industrialised countries have seen a particular need
for improving the efficiency of oil use. Better efficiency is clearly
required since the worlc market now places a much higher value on these
resources. Thus, oil should be directed towards those end use sectors where
substitution is not currently feasible, i.e., the transport sector and the
petro-chemical industry. Increased efficiency of 0il use in industrialised
countries would also contribute to reducing worldwice demand, as well as
possible supply and price problems whose effect may be particularly damaging
to the economies of developing countries. Therefore, energy policies in
industrialised countries now aim at achieving structural changes in their
enerqgy economies to reduce dependence on o0il in several ways. These include
promoting oil substitution, as well as rapid expansion in the production and
use of coal, natural gas, nuclear power and other available energies.

Regarding energy demand management in particular, the fourth of the IEA
Principles for Energy Policy urges a strong reinforcement of energy
conservation policies. The purpose of these policies is to limit growth in
energy demand relative to economic growth, to eliminate inefficient energy
use, especially of rapidly depleting fuels, and finally to encourage
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substitution for fuels in shortest supply.

At their last meeting in May 1983, IEA Ministers confirmed that these
common objectives of international energy policy continue to be valid. They
agreed that the current easing of the world oil market was no reason to change
the principles, given the remaining uncertainties about short-term
developments and the underlying trends pointing toward tighter market
conditions in the longer tevm. The Ministers therefore reaffirmed the
objectives of improving overall energy efficiency and bringing about a better
balanced energy mix. The Heads of State ang Governments at the Summit meeting
in Williamsburg also confirmed this agreement.

11 Structural change in OECD energy economies

Developments in the world oil market since 1973 have had strong effects
on the economies of OFCD countries in general and on the structure of their

energy economies in particular.

Following the first oil price increases which occurred in 1973/74, the
nominal price of oil did not change for some time but the "real" price after
allowance for inflation fell steadily, until the second "0il shock" caused by
the Iranian Revolution in 1979. Between the end of 1978 and the end of 1980,
prices rose by a further 170%. Thus, in just a decade the price of o0il rose
from $1.60/bb1 to nearly $35/bbl at the end of 1982, a more than twentyfold
increase in money terms and sixfold in constant dollars. Since then prices
have of course again been slipping back, both in nominal and more particularly
in real terms, but still remain muczh higher than before.

As a result of these price developments and aother factors, including the
economic recession, a number of important structural changes have occurred in
OECD countries:

- First, the overall efficiency of energy use and of 0il use in

- particular has improved considerably. From 1973 to 1582, total energy
use relative to GDP has fallen about 15%, and oil use relative to GOP
about 29% in OECD countries.
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- Second, overall dependence on imported oil in OECD countries (as
measured by the share of imported oil in total energy use) has
decreased from 30% in 1973 to about 26% in 1982. This trend is
continuing as oil is gradually replaced by other fuels and the
efficiency of its use continues to improve. Nevertheless, o0il is
expected to remain one of the major energy sources for the remainder
of this century.

- And third, structural progress is not limited to the energy demand
side alone. Domestic energy production in OECD countries increased by
400 million tonnes of oil equivalent (or about 8 mbd) between 1973 and
1981. Two-thiras of this increase are provided by additional
production of coal and nuclear energy, reflecting efforts to achieve a
better balance of the different energy resources in our economies.

The major factors that have led to these structural improvements of
energy economies were the response to the price increases of 1973/74 and
1979/80 and the strengthening of emergy policies in all OECD countries.
Another imnortant factor in the reduction of energy and oil use was of course
the break in economic growth which was itself in part a consequence of the
energy price increases. We believe that the expected revival of economic
activity will entail a significant rise in overall energy demand.

It must be noted, however, that these structural improvements could only
be realised at high economic costs. Indeed, the world economy was unable to

absorb the oil price increases undamaged. They have contributed to

- the high increase of inflation in the 0ECD, particularly in 1980 and
1981;

- to the disruption in economic growth;

- and finally to the increase of unemployment in OECD countries from 19
million in 1979 to more than 32 million today.

This illustrates the dimension and the difficulty of the task to adapt
our economies to a better balanced and sustainable energy future.
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III The role of improved energy efficiency

The OECD expects an increase of cverall energy demand in its area of
about 40% by the year 2000. nis increase will have to be covered by other
energy sources than oil. If the necessary policies are pursued and the
required investments are taken, energy supply patterns could look as v0llows
by 2000: o0il 20-35%, coal 30-35%, gas 18%, nuclear 11% and renewable energies

and hydropower 6%.

Continued efforts in the area of energy demand management will have to

play a major role in reaching this balance.

Indeed, current projections of Member governments for energy and oil
requirements by the year 1990 assume continued improvements in the efficiency
of energy use and an acceleration of the rate of decline in o0il intensity,
compared with results actually achieved from 1973-81. The most notable gains
in overall efficiency are expected to occur in Canaca and the United States.
Results in these two countries were relatively weak up to 1979 but improved
markealy following the decontrol of oil prices in the United States. In both
the European and the Pacific regions of the IEA, the rate of overall
efficiency growth is expected to continue, but at a slower pace in the 1980s
than has been experienced since 1973.

The importance of efficiency improvements in meeting future energy
objectives can be seen in countries’ current projections. If the improvements
projected for 1995 by IEA Members for the energy to GCP ratio do not occur --
for example, if the overall energy intensity of their economies remains at
1981 levels -- total €nergy use would rise more than 15% faster during the
1980s and reach a level 660 Mtoe higher than is now projected for 1995.
Similarly, if the intensity of o0il use in the economy were not to decrease
from 1981 levels, o0il use would reach a level 820 Mtoe (almost 17 Mbd) higher
than is now projected for 199s5.
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Iv Industrial energy consumption in the OECD from 1973 to 1981 and
forecasts to 1990

Industry is the largest energy-consuming sector in the OECD area,
accounting in 1981 for 37% of total final energy requ1rements 22% of total
primary oil use and 44% of electricity consumption. Over the period =7
1573-1981, industrial energy consumption decreased at an average annual rate
of 1.5% (though auring the period of economic recovery, from 1975-79, it grew

by 4.3% per year).

For the period 1981 to 1990, GECD countries project a strong increase of
incustrial energy consumption by an annual average of 4.2%, reflecting
expected economic growth. Over the same period, however, industrial oil use
is expected to decrease, as it has in the period 1973-81. As a consequence,
the share of o0il in OECD industrial energy use is expected to fall from 38% in
1931 to 34% in 1990. Coal anc electricity will be the main sources of
substitution.

Significant progress in industrial energy efficiency, as measured by the
overall energy/cutput ratio, has been achieved. Energy and oil use per unit
of total industrial output declined by about 22% and 31% respectively from
1973 to 1981. Thus, in industry, as well as in other energy use sectors,
historical links between industrial output and energy ana oil use clearly have
slackened. The results vary significantly, of course, by country and by
ingustry. Our analysis shows that this progress was a result not only of the
price increases for oil and energy, but alsu of yeneral improvements in
inoustrial proauctivity and the penetration of new technologies. Indeed,
policies which encourage industrial investment are essential for improving
energy efficiency berause new production equipment and methods generally are
more energy-efficient than the old ones.

On the other hand, not all of these improvements can be attributed to
permanent progress in energy efficiency, in particular to the installation of
More energy efficient equipment. Much of the recuction in specific industrijal
energy use 1is explained by shifts within the industry sector towards less
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energy-intensive industries, such as electronics, anc by the continuous slump
of output in some energy-intensive industries, particularly iron and steel.
While total GOP of IEA countries rose by 20% from 1973 to 1981, industrial
production increased by only 13%. Cverall energy intensity has thus fallen in
part because soume industrial sectors with relatively low energy intensity have
increased their share in total industrial output.

\ Policies for energy demana management

IEA governments agree that appropriate energy pricing policies must be
the basis for consistent energy policies. In industrialised countries,
increases of energy costs generally provide the most effective incentive for
Consumers to use energy more rationally and to switch away from more expensive
energy sources. Considerable progress has been achieved in this area,
particularly with deregulation of oil prices in the United States.

But although proper pricing policies are recognised as the basis for
sound energy policies, most governments also agree that markets often function
imperfectly. And even where chey do function well, the outcome can conflict
with other social objectives and must be balanced against them. For this
reason, most OECD governments assume that they have a legitimate role and a
necessary responsibility to improve and supplement the operatinn of market
forces where necessary to achieve energy and other policy objectives.

Some of the constraints that hamper improvements of energy efficiency,
in particular in industry, are:

- First, economic and financial constraints such as difficulties of
capital availability or poor cash flow position of potential
investors. Internal "competition" of conservation and fuel-switching
projects with other types of investments is often not carried out on
equal terms;

- The second constraint is lack of adequate information and Yack of
awareness of both energy problems, energy costs and technical saving
opportunities, especially in less energy-intensive industries and in
small Companies;
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- Finally, other economic and institutional constraints are common such
as those which are frequently encouritered by increased vaste heat
utilization and combined heat and power production (CHP).

In addition to appropriate energy prices and taxation policies, many
countries apply a variety of policy measures to cope with these problems. The
most important types of such policy measures are:

- Fiscal and fimancial incentives to encourage research, development and
demonstration (RD&D), commercialization and investment in
energy-saving techniques. Most IEA governments provic a number of
tax-credits, grants, low-cost loans or other aids to their industries
in order to give them an increased economic incentive to invest in

energy efficient equipment.

- Many countries use voluntary or (exceptionally) mandatory reporting
and auditing schemes, often in combination with target setting for
energy saving in industry, as well as the exchange of information

gathered from such schemes;

- Many governments have also embarked on the removal of institutional
constraints, e.g. to the increased use of CHP production through
legislation or voluntary arrangements among industries and utilities

concerned.

We will hear more about these policies in the course of this semimar.

International co-operation in this area has focussed on information and
education in this area and on co-operative Research, Development and
Demonstration activities. The IEA, for instance, launched an International
Energy Conservation Month in October 1979 ana the Internetional Energy
Management Initiative in 1980. Both activities aimed at improving national
and international awareness of the energy problem, of the need to improve
energy efficiency and at establishing an increased exchange of experience on
practical opportunities and solutions.



VI Conclusion

Despite the considerable progress which has already been achieved in
industrial energy efficiency, substantial scope still exists for further
improvements. Our review of a number of government projections and other
studies indicates that, between 1980 and 1990, energy savings in industry
could amount tou approximately 15 and 20% of prescnt consumption. Savings
potentials for the period 1980-2000 may be up to 30/. The potential varies
from country to country and is different in cach case, depending on factors
such as the existing base level of enzrgy efficiency, energy price levels,
ang, above all, the co.t.offectiveness of potential efticiency investments.

Whether this conservation potential will effectively be used, and to
what extent, will depend on future economic growth and industrial investment
activities. Progress will also hinge on the preparedness of industries to
consider, more than they have done to date, the value of a secure long-term
energy supply, rather than apparent short-term acvantages of minimum energy
costs,

Continuous progress in improving energy efficiency and interfuel
substitution will have to play a major role in achieving stable balances in
energy markets and in reducing excessive dependence of OECD countries on oil,
In the present easy situation of the oil market it will be particularly
important to maintain the momentum towards structural improvements in our
€nergy economies. Successful exploitation of these opportunities will help
ensure that enmerqgy does not again become a constraint to further growth of the

world economy.
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1. Introduction

From the time of the Lima Agreement in November 1973, on up through the
Pronouncement of San Jose in July 1979, and the Latin American Energy
Co-operation Programme (PLACE) in MNovember 1981, the Ministers of the OL.ADE
Member States have insisted on the need to rationalize energy production and

consumption (1).

In speaking here of rationalizing the production and consumption cf
energy, we are not referring to a reduction in national production or
consumption. To propose the rational saving of energy in low consumption
societies is equivalent to proposing that economic and social backwardness be
maintained for peoples who have neither the possibility nor a moral obligation

to the world, to reduce their consumption

By rationalization in Latin America, we understana in this paper the
political, technological and organisational process by means of which a
country fits the production structure of its energy sector to its resource
endowment and to elementary efficiency criteria, and its consumption patterns
to its supply structure, to its level of development ana to principles of
fairness, so that the limited amounts uf resources available to it can satisfy
the needs of its own economy and can assure for each citizen the minimum
gquantity and quality of energy necessary for the productive integration of

society.

(1) See OLADE. "Lima Agreement", "Pronouncement of San Jose", pp. 4 and 6;
OLADE Latin American Energy Co-operation Programme, pp. 6 and 19.



Defined in this way, energy rationalization covers four fundamental
aspects. First of all, conservation, in order to obtain a greater output from
each unit of energy utilized, or less consumption per unit of production or
well-being. Secondly, adjustments of the energy system to the national or
regional resource endowment through an appropriate combination of sources;
and this appropriate combination may or may not enta’l the direct substitution
of one source for another. Thirdly, the just sectoral and geographical
redistribution of energy consumption, in order to make it compatible with the
development objectives and the prevailing criteria of social equality.
Fourthly, the gradual shift of tre economy towards a development style
compatible with the true potential of the region and its countries.

In order to comprehend this concern, it is useful to analyse regional
snergy development as of 1973, when the first increases in international oil
prices began to modify the world panorama.

During the 1973-1982 perioo, Latin America's energy consumption
experienced a very satisfactory growth rate, if Judging by the experience of
other groups of countries and of the world as a whole. Indeed, during this
period regional consumption rose to a cumulative annual rate of 3.4%, i.e.,
five times that of the United States and Canada, four times that of Western
Europe, and three and a half times the rate of expansion of world energy
consumption. Even though this growth began to slow down beginning of 1979 it
was in the order of 2.0% during the 1979-1982 period, higher than the
worldwide rate, four times higher than that of the planned economy countries,
and markedly in contrast to the negative evolution recorded in industrialized
countries.

Nevertheless, cespite the dynamism attained and the progress made in
periods in which the international economic crisis has hit the region hard,
total energy consumption per inhabitant was only 1050 KOE in 1981, less than
one fifth that of the OECD countries. Furthermore, if biomass were excluded
in its traditional forms (firewood, bagasse, etc), the 1981 per capita
consumption of commercial energy would be barely 830 KOE, less than one sixih
of the average of the industrialized market economy countries,
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Thus, to maintain a rapid growth of energy consumption constitutes an
imperative for development and social progress in Latin America. It is not a
simple imperative. In order to maintain constant consumption growth, massive
action is required to increase supply, whether through domestic production or

imports.

Between 1973 and 1981, Latin America's commercial primary energy
production grew at a rate of 3.9%, a very acceptable pace if compared with the
rates of world expansion and those of the groups of industrialized countries.
# Furthermore, due to the Mexican oil production of the 1979-1982 period, when
world production and that of most of the world regions and groups of countries
was dropping, that of Latin America grew at a rate of 7.2%, the highest in the

world.

However, in order to maintain this rhythm of expansion of capital-
intensive production when foreign exchange is scarce, Latin America has had to
make major efforts. In most of the regional countries, net energy importers,
the foreign exchange to import fuel competes with that needed to rapidly
expand internal energy production (2). For these countries to maintain a
rapid expansion of their national energy systems in a periou of growing
international inflation, and declining international prices for their raw

materials, has required sizeuble flows of external capital.

Now suppose, as a simple exercise, that the energy demand would no
longer grow at the historical rate of 3.4% of the last ten years, but rather
at a cumulative annual rate of 7.3%, i.e., at a per capita rate of 3.5% for
consumption growth pev inhabitant. With this rate of growth, extraordinary

(2) Among the oil importing countries of Latin America in 1973, the energy
bill accounted for 10% cf their revenues from exports; in 1983 this
figure hit 34%. For some of them the cost of imported energy consumes
more than half of the value of their exports. In that regard, it should
be noted that the Panama, Central America, and some Caribbean countries
enjoy soft financial conditions fer their petroleum purchases, through
the Mexican-Venezuelan Co-operation Agreement and the Trinidad and Tobago
0il Facility.
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but unreal, Latin America would still need to wait until the year 2000 in
order to attain the 1980 per capita consumption levels of Spain, one the
European countries with the iowest per capita consumptior. rates. Here it is
worthwhile to note that Latin America does not expect to equal the per capita
consumption of the industrialized countries, for it would entail substantial

changes in its development styles,

The current objective incapacity of Latin America to overcome, in the
short term, its low levels of consumption, while maintaining high rates of
growth for the same, ano the costs and constraints for the expansion of
production at rates much higher than the historical ones, demand that each
unit of available energy be utilized and that each unit be produced in the
most rational way, so that a limited energy supply could be supported by
efforts geared to development and social Justice, and so that production
inefficiencies would not become a stumbling block to the sector's development
and thereby to the economy as a whole.

The energy challenge of the region is therefore evident. On the one
hand, it is necessary to maintain a high rate of production and consumption.
On the other hand, each unit of energy must be produced and consumed as
rationally as possible. This dual challenge appears clearly outlined by the
XII Meeting of Ministers held in Santo Domingo, as noted in the basic document
of the Latin American Energy Co-operation Programme, which reads as follows:
"the fundamental objectives of the PLACE consist of linking the production and
use of energy to the goals of autonomous, sustained development; expanding
and diversifying the energy supply and the scientific and technological
Capacity, and rationalising energy production and consumption (3).

2. Global Energy Production and Consumption

Before embarking on an analysis of energy consumption in Latin American
industry, and the efforts made in the region to rationalize the production and
consumption therein, it proves useful to study, somewhat superficially, the
energy structure within which industrial consumption is found.

(3) See OLADE. Latin American Energy Co-operation Programme (PLACE), Santo
Domingo, 1981 - pp. 6.



Both the energy production and consumption of Latin America rest on
oil. The regional economic structure has been oriented fundamentally towards
the internal adoption of production patterns from the developed countries.
Thus, industrial development has been based on a massive and indiscriminate
use of o0il, which was consummated by its low prices to stimulate energy
development incongruous for the endowment of natural, human, and financial
resources of this region.

Nevertheless, although in 1980 the share of oil in regional energy
production went as high as 55%, as opposed to 16% for gas, l4% for biomass,
12% for hydro-energy, and less than 2% for coal, this share fell well below
64% in 1970 - not due to a drop in oil production, but to the mational efforts
at increasing the production of alternative sourcés (4).

Meanwhile, on the consumption side, the participation of o0il was
maintained between 45 and 48% over the last decade, although there are signs
that this participation began to decrease as of 1980 as a consequence of the
world recession and the impact of alternative sources on primary energy
consumption structure. Indeed, hydro-energy (with 15%), gas (15%), and coal
(3.5%) have started gaining a foothold in global energy consumption (5).

In order to evaluate the reaction of regional oil consumption to price
increases, it is worthwhile to take the following elements into account:

In the first place, the Latin American countries, due to their low
economic and technological levels, cannot reduce their energy consumption,
except at the expense of lower economic growth rates. Due to the fact that
their technological options are scarcer and their per capita consumption
lower, they have little room to adopt energy conservation and savings
measures. In other words, their energy demand is not elastic in the face of

price variations.

(4) Thus, during 1972-1982, the 2.8% cumulative annual growth rate for oil
was a very satisfactory rate, judging by international indexes, but far
below the 6.4% for coal, 6.6% for gas, and 9.5% for hydro-energy.

(5) See OLADE. Energy Balances for Latin America, 1980.
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In parallel, up until the mid-1970s, the oil price hikes coincided with
important increases in the prices of other basic raw materials within the
economies of many of the regional countries. This permitted a certain amount
of recovery in the terms of trade of those countries, thus alleviating the
pressures on the balance of payments and on the fiscal economy, which, in
turn, facilitated for the governinents the handling of this crossroads
situation.

In the second place, the transformation of the productive apparatus and
of energy consumption takes time. For economies highly dependent on oil, the
alternatives were to maintain imports or reduce consumption.

In the third place, Latin America is not only a net exporter of oil;
three-quarters of its largest economies (i.e., Argentina, Mexico, and
Venezuela) are self-sufficient or are oil exporters, as are four of the other
economies (Peru, Ecuador, Bolivia, and Trinidad & Tobago). For these
countries, the substitution or reduction of oil consumption for energy
purposes and its use for "nobler" ends is, as in the other countries of the
region, a national objective. Nevertheless, the emphasis on oil substitution
has been lesser than in importing countries.

Moreover, the oil price increases led to increased expioration and
exploitation. For the exporting countries, the economic prosperity generated
by oil prices produced an immediate rise in energy consumption. Since they
pcssessed o0il, it was obvious that this sudden increase in demand would be
satisfied with hydrocarbons, and not with alternative energy sources. It
woula take some time before these economies would react and use part of their
income from oil to change their internal energy structure.

With respect to the sectoral distribution of energy consumption in Latin
America, this shows quite significant changes, which reflect the evolution of
the regional economy itself. Quring the decade of 1960s, the industrial
sector held first place as the largest energy consuming sector, with 34% (5).

(6) This regionally valid criterion ceases to be so without the participation
of Argentina, Brazil and Mexico, so that the residential, commercial and
public sectors would be the main coNnsumers.
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The residential, commercial and public sector, to the contrary, lost some of
its share, going from first place to third.

While the growth of industrial sector participation represents a very
positive trend in a developing region, the same cannot be said for the growth
of transportation consumption. The latter reflects very well the major
contradictions in the economic development of Latin America; consequently,
the rapid growth of its consumption can equally represent the dynamization of
production or waste. In any case, this rapid growth of consumption in the
transportation sector explains the important share maintained by oil in
regional consumption structure. The sector depends almost exclusively on oil
derivatives and absorbs nearly two thirds of all of the oil consumed in Latin

America (7).

It is worthwhile to note that the divergence between the tendency of the
various sources to participate in production structure and in consumption
structure is of temporary nature; and it reflects the type of assymetry that
must be brought about by the energy transition. However, Latin America's
energy production ano consumption is undoubiedly oriented towards a
combination of sources more in keeping with regional energy potential.

3. Energy in the Industrial Sector

During the last cecade, the consumption of the incustrial sector grew at
a cumulative rate of ¢.7%, going from 46,400 TOE in 1979 to 88,400 TOE in 1980

and theretore increased its share in final energy consumption.

Contrary to what is happening in the industrialized countries, existing
data show that the energy intensity of the Latin American industrial sector is
increasing slightly. This t1 nd is logical, since unlike mature economies,
they are entering upon the development stage of large iron and steel, cement,
and petrochemical projects, etc., which are energy-intensive. It is plausible
to suppose that, despite the crisis, emphasis on the development of industry

(7) See OLADE. "The 1982 Energy Situation of Latin America", pp. 45.
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will continue during the rest of this century, with its subsequent
implications ior the energy intensity of the sector,

3.1  Energy Optimization in the Industrial Sector

By optimization, we understand herein the group of measures geared to
upgrading efficiency in use, whatever the source may be. As has already been
explained, energy conservation does not mean a simple reduction in
consumption, entailing a reduction in the levels of production or well-being,
but rather a more adequate use, in order to maintain the same levels of
production or well-being and even to improve them while consuming less energy.

In Latin America however, it can be pointed out that the systematic
effort to adjust the energy structure to national resource endowment has
entailed, in practice, a set of actions to substitute oil or to reduce its
participation in future energy demand. The actions conducive to improving
efficiency in the proauction and use of energy seem to have, still, a sporadic
nature and little impact in terms of recent application.

It seems that, although to a lesser extent than in other sectors, the
reaction of energy consumption in the industrial sector to oil price
readjustinents has been slow. With few exceptions, until the second hike,
national efforts undertaken to use energy more efficiently were negligible.

In fact, in 1979 when the o0il price increases began to pick up, many countries
discovered that their state organisation did not have suitable mechanisms to
Mmanage a sector whosz impact on the economy was already a determining factor.
It was then that the problem of energy management began to be important enough
to require governmental attention; and, likewise, it was after an adequate
conceptualization of the énergy sector that the concept of energy optimization
acquired a certain amount of relevance.

One of the consequences of this lack of interest in conservation
programmes is the lack of statistics on energy consumption by the various
branches of industry, to be fed into a national information system on energy
use. The national data available are limited to isolated studies on given
branches; but in these isolated studies, important potentials can be observed
for a serious paper on conservation.
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The only exception of systematic work to be had in Latin America could
be that of Brazil, where the State has been working since 1978. In one study
on consumption and energy behaviour in the industrial sector, which included
more than 2,200 firms, the National Petroleum Council of Brazil found that in
1979, the potential for energy economy in the companies studied was 26%
without any need for important changes in processes, i.e. on the basis of
more careful administration of enerqgy and certain technical adjustments.

After one year of work on conservation, the potential had dropped by
6.2% whereas energy efficiency had improved by 7.2%, proving that once the
rationalization process begins, new conservation possibilities tend to appear,
until a threshold is reached.

One of the results of Brazilian surveys was that energy consumption is
concentrated in a few branches of industry and within these, in a very small
numoer of firms. Some two hundred firms consume 65% of the enmergy in the
industrial sector, and the 1000 companies having the largest consumption
absorb 90% of the energy destined to industry.

The result of these studies and of Braziliari conservation measures even
when the peculiarities of that nation are considered, seem to confirm the
existence of a conservation potential in regional industry and a real
possibility for tapping it. They also confirm that the initiation of a
conservation programme can prove feasible when a relatively small number of
firms concentrate a high percentage of consumption. From Brazil's experience
it could also be concluded that in the regional economies, some few dozen
firms carry the same weight, percentage-wise, within energy consumption. The
concentration of efforts in these few enterprises, even with limited
resources, could make it possible to launch a first stage of a national energy
conservation programme in the industrial sector.

One of the most relevant elements of the Brazilian process has been the
firm participation of the State in creating mechanisms tha: will arouse
interest and willingness in thousands of actors in the rationalization
process. Without such State participation, the internal structure of the
brazilian economy would have discouraged this process.
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3.2 Energy Consumption in the Industrial Sector

The composition of industrial sector consumption underwent important
modifications during the last decade. Electricity and coal increased their
participation at the expense of 0il and biomass.

Latin America: Percentage Distribution of Industrial Sector
Consumption by Source

1570 1980
Coal and Coke 8.4 9.1
Biomass 10.4 9.5
Gas 20.6 22.8
Electricity 10.2 14.3
Others 4,1 3.5

Source: OLADE.

These modifications, however, constitute the beginning of a process to
restructure the energy profile of Latin American industry, where despite the
difficulties, some countries are already making important efforts at using
other energy sources in industry.

Biomass, which was the number one source of energy in regional industry,
is being recovered in orcer for it to be converted into an energy form of
broader use. In several countries, actions are being undertaken to improve
charcoal production and to use it in the mining and metallurgy industry and in
cement production -- in some cases directly and in others, mixed with coal or
fuel oil.

In the sugar industry, where bagasse was substituted for 0il, the former
is not only used again for auto-generation of steam and electricity; in many
sugar-producing countries of the region, projects have been carried out, or
are now underway, Lo use bagasse more efficiently so that the surplus can be
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used to generate electricity in other industries. 1In Brazil, the energy
consumption of ethyl alcohol went from 0.5 million cubic meters in 1976 to
more than 4.0 miliion in 1962, replacing the equivalent of 53,000 barrels of
0il per day in transportation.

Other biomass elements which had been neglected, such as the residues
from rice mills and sawmills, are being tapped to satisfy the energy needs of
the very industries that generate them. tikewise, rice, straw and other
wastes are finding uses in the cement industry.

As for coal, the development of non-ferrous mineral industry and the
conversion of cement plants are bettering its share in industrial sector
consumption. The process is slow and it is concentrated in the largest
countries of the region.

Furthermore, the use of natural gas is growing. The ease of its
handling and its availability in the region's oil countries will permit its

more intense use in the future.

Finally, electricity, with an impressive amount of possible uses, is
being exploited by industry to substitute those forms of energy that are
scarcer or harder to handle. To the traditional use in generation of
electromotive power can now be added electrothermics in boilers, ovens,
dryers, and other industrial elements. Inspite of the fact that during the
last two decades production grew at a cumulative annual rate of 8.8%, the per
capita electricity consumption of Latin America barely surpassed 2000 kwh,
which demonstrated the fact that there is an immense capacity for potential

use in the region.

The interest in electricity is not only due to its diversity of uses but
also to the diversity of primary energy sources of national origin from which
it can be generated. This diversity can be noted in the changes observed in
the composition of sources used in electricity production during the 1979-1980
period. Hydro-energy has gained a large share over thermoelectricity and
already by 1980, 58% of electricity was hydropower. It is estimated that for
1982 this participation exceeded 60%. Other sources, biomass, geothermal and
nuclear power, have a very small participation in regional electricity
production.
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Latin America: Electricity Production
(Millions of kWh)

Crowth Rate

1970 1980 1970-1980
Thermal 78,630 0.49 154,260 0.41 7%
Hydro 81,450 0.51 214,348 0.58 8%
Others 46 0 3,630 0.01
Total 160,126 100 372,238 8.8%

Source: U.N. Yearbook of World Energy Statistics, 1979, 1980

These figures however, do not reflect the changes in the composition of
sources that is now occurring in the region, since long lead times and
execution perinds have kept the large projects initiated in the last decade
from having much impact on the balance (8).

Despite the difficulties in obtaining funds for hydroelectric projects,
there is no doubt that this source will play a very important role in Latin
American enmergy structure by the turn of the twenty-first century. The low
per capita, electricity consumption indexes, the sparse coverage of such
services within the region, the possibilities for intensifying the use of
electricity in industry and transportation, regional experience in planning
ana executing hyaro power projects and the Latin American capacity for
producing capital goods for this type of project, have made hydro-energy one
of the strategic cornerstones af regional energy development (9).

(8) See OLADE. "The 1982 Energy Situation of ratin America", pp.2l.

(9) See OLADE. ™Hydro Power: Energy Alternative and Industrial and
Financial Challenge far Latin America®, 1981,
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In addition to the efforts made to substitute oil by hydroenergy, the
actions of Brazil and Colombia in using coal for electricity generation
deserve to be mentiovned. In some Caribbean countries there exist projects to
convert oil-tased thermal plants to coal and to expand the electric power
system on the basis of this source. Colombian coal projects are increasing
the feasibility of the nmational programmes.

In El Salvador and Mexico, important geothermal projects are underway.
In other countries such as Nicaragua, progress is being made in the

formulation of geothermal-based electric power projects (10).

3.3 Rationalization of Consumption Distribution

Energy being an indispensable element in a country's economic and social
cevelopment, and given the low levels of consumption and the difficulties in
overcoming these levels in the short term, energy distribution constitutes one
crucial component in the rationalization problem.

In so far as this aspect, the Ministers of Latin America have noted that
"The increases in supply should be destined to meeting real development
requirements, not to covering unnecessary consumption, within the region or
outside it" (11).

There are two aspects to rationalizing distribution which must be
considered. First of all, the distribution of available energy among the
different consumption sectors and sub-sectors should follow an order of
priorities defined by the country's requirements and level of economic
cevelopment. Both energy production and importation require sizeable amounts
of scarce resources. In the Third World countries, these resources earmarked
for energy have to be distributed among different sectors so as to accelerate
national development and to provide each one of the social groups with the
energy needed to satisfy its basic nzeds. Moreover, it is important to
promote energy planning and policy-making systems making it possible to attain
the objectives laid out.

(10) See OLADE. "Energy Bulletin" Numbers 20 and 22.

(11) See OLADE. "Pronouncement of San Jose", 1979.
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Second, the process of energy rationalization consists of distributing
energy supplies in accordance with the regional development strategies of each
nation. Even wher data are scarce, they seem to point to the fact that the
distribution of the energy supply is a factor that has been providing
incentives to the process of the economic and population concentration that
characterizes Latin America.

As has already been seen, the assessment of energy consumption by
sectors shows encouraging signs in terms of the participation of the
productive sectors in global consumption, even when this improvement has not
been the result of a deliherate rationalization process for distribution.

Furthermore, while the distribution of consumption has not been
explicitly dealt with in the region, many of the measures taken by the
countries point in that direction. The tariffs system and the price
differentials for hydrocarbons reflect an intention to favour given
consumption sectors and sub-sectors ang/or o penalize others. The
systematization of this process of discrimination will hav to form part of
the energy rationalizatian policies of many of the Latin American countries.

3.4  Changes in Development Style

For Latin America, one of the major accomplishments of the oil price
hikes was the radical questioning of an imported dependent development style
wherein production and consumption structures did not correspend to resource
endowment and income levels.

Now it must be sought to readapt the economy and lifestyles to the
internal possibilities of the region and the regional countries, i.e., the
region must "find itself" and learn about its own reality through the global
process of rationalization of the whole economy. This process will
necessarily have to be slow and complex, and rationalization of energy
production and consumption will be a fundamental element.

_57..



4, Economic Structuring and Rationalization

As of 1973, with the joint decision of the oil-exporting countries to
reassess a non-renewable raw material, which until then had been the basis for
sustaining a wasteful energy development style, an era began in which
solutions must be found towards a transition to other new and renewable

sources.

The repercussions of the oil price hikes occurring in the past decade
have made the countries become increasingly aware of the importance nf the
conservation and substitution of a iesource that tends to become depleted;
thus, the imperative to seek energy planning schemes geared to eliminating the
uncertainty brought about by pricing within a "free" market structure. At the
same time, the oil price increases have provided an argument to the
industrialized countries to Llame the exporters for the current economic
crisis, though the ill-termed "energy crisis" is only one of the
manifestations of the same and of the development style foliowed, which gave

rise to important deformations in Latin American production structure.

The inter-relationship between economic activities and energy is
necessary in developing an effective policy to rationalize emergy production
and consumption, since the possibility of ensrgy rationalization for a sector

must be sought within a process of rationalization of societal life.

On the other hand, while the industrialized countries are the major
hydrocarbon importers, the effects of the so-called "energy crisis" are lesser
for them than for under-developed countries, since they have more diversified
energy balances; moreover, their economic and technological capacity permits

them to cope more easily with the oil shortages and oil price increases.

If these ideas are borne in mind, one can snalyse the responses given by
the OECD countries as regards oil prices; and one can discover that these
responses have no novel elements. They are typical reactions from economies
that have managed to accumulate immense amounts of capital and technical
knowledge, that possess very diversified productive structures, and that have
the capacity to react to changes in terms of costs and prices. This reaction,
in its potential economic and technological aspects, would be produced in the

face of any similar situaticn with any other basic raw material.
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4.1  Energy Rationalization in Latin America

The regional situation is quite different, and these differences should
be grasped in orcer to formulate policies which, based on Latin American
reality, will make it possible to surmount the frustrations generated by
imitative solutions. Furthermore, these di. “:rences have to be understood in
order for the advances made by the region to be adequately assessed in the
process of energy rationalization. The reaction of an economy to price
changes for a basic input funcamentally depend on the productive structure and
on its sensitivity to changes in costs. The necessary protection of a
national enterprise in the face of competition from trans-pational monopol ies,
price controls established to make certain inequalities less serious and State
industry itself have not evolved suitably to sustain their own objectives
within acceptable levels of efficiency. The slight emphasis of the State on
attaining more effective functioning of the markets has not only jeopardized
the necessary assessment of these basic instruments for the development of
Latin American economies, but has also permitted that cost increases be passed
on automatically to the consumer, without the producer feeling obliged to
generate innovative responses allowing for reasonable adjustments to the new

situation,

Jnder these circumstances, pricing policies, being an essential element
of energy policies, prove to be quite limited; they should be designed with
the utimost care in order to avoid becoming new elements of distertion in the

regional economies.

Furthermere, the region suffers from serious financial constraints. As
of the end of the fifteenth century, Latin America became one of the ma jor
producers of wealth in the world. Unfortunately, that wealth has always
belonged to someone else, thus creating the paradox of a region wherein the
more it saves, the less it accumulates, since the sacrifice of jts peoples is
transformed into earnings abroad.

Even though there are significant prospects for rationalization, without
large investments, it is unquestionable that for the region this financing
constitutes a real obstacle for the execution of important conservation
projects.
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As for substitution, we should not lose sight of the fact that such a
process can be capital-intensive. The investment made in substituting one
gallon of o0il per year by means of hydro-electricity requires between 250 and
300 dollars for genmeration alone, i.e. without including the investments it
woulo be necessary to make so that industry would be able to use that
electricity instead of 0il or oil derivatives. To substitute oil by coal, gas
or biomass can require investments of different magnituves, but in all cases
important ones, and the investment projects in this field will have to share
the scarce funds available with other projects. This makes it difficult and
complex to fimance the investments that will be required for substantial

changes in the industrial park.

The financing problem becomes even more acute due to the levels of debt
of the regional countries. The payment of the debt and the limitation of
capital flows will also create new restrictions for the rationalization

process.

Likewise, Latin America groups economies of different sizes and
different degrees of development and, of course, diversification, with a low
level of integration among them. For our economies, conservation and
substitution can become dynamic elements in investment and domestic
production. The hyaro-energy, coal, and biomass development projects of
Brazil, ta cite just one example, have been able to take place with a very
high participation by Grazilian technology and industry, and have turned
themselves into important ariving forces not only exclusively for energy
development, but for overall national development as well.

It should also be pointed out that while Latin America possesses large
and varicd energy resources, their distribution is quite uneven; and this
obliges the design of different substitution schemes to orient them to

national energy structures.

Some countries do not have enough resources or the available resources
cannot be developed rapidly; thus they find it necessary to ccntinue
importing energy. As nas been said, these imports compete for the funds
needed for internal energy development and complicate the search for an
optimal compination of national and foreign resources which would aid in
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attaining national objectives. 1In this regard, the Mexican-Venezuelan
co-operation programme for energy financing in Central America ano the
Caribbean, and the Trinidad & Tobago oil facility for some Eastern Caribbean
countries, offer examples of co-operation that should be equalled in other

parts of the world.

Finally, although a broad gamut of technologies exists, and although
others are being developed for energy conservation or substitution of sources,
many of them are not available to all of the countries of the region or they
require resource endowments quite different from those of these nations.

Hence, most of the energy technologies developed in Europe and Japan, to
conserve or substitute enmergy, tend to replace energy by capital through
processes progressively more refined and costly. For a region with financial
difficulties, a capital-intensive technology can cause more problems than it

solves.

4.2 Final Reflections

The problems of market structures, financing availability and energy
resource and technology distribution lead to some final reflections as to the
process of energy rationalization in i.atin American inoustry. It seems
obvious that the development of a rational combination of sources will not be
a simple process. On the substitution side, successful efforts at developing
alternative energy sources have required enormous amounts of resources to
supplant oil.

On the conservation side, the potential in the industrial sector and in
other consumption sectors does not matter; the process has a technological
limit ang an economic limit, as of which point consumption leads to a
reauction in, or higher price for, production and well-being. The expansion
of industrial production requires energy; and while a conservation programme
may well reduce the industrial growth rate and even industrial consumption, it
is a temporary phenomenon, which will gradually disappear to the extent that
the programme successfully matures.

- 61 -



The energy density of the industrial sector can be reduced but not the
fact that industrial production requires energy and that a growing industrial

sector must raise its energy demand.

Thus, it can be concluded that the decisive presence of oil in Latin
America's energy supply and demand will continue for many years to come. The
countries that do not possess oil will have to act in light of this reality.

Moreover, the conservation and substitution projects have to be viewed
with the same objectivity as that called for by erergy development projects,
with due attention granted to the place where these projects can create
progress and where ties of dependence can be destroyeu or generated. As
pointed out previously, not all the countries can utilize investments in the
same way to change a process or to develop substitute sources. 1If the
projects ae not chosen on the basis of their national repercussions, they can
have fewer effects in the countries that execute them that in those that
contribute the equipment and technology. Both conservation and substitution
can be effective instruments in ocecreasing dependence, but they can likewise
increase it. A preject can reduce the consumption of imported enmergy or can
substitute it by national sources whose development can have major internal
repercussicns. Another can reduce or substitute energy that is not readily at
hano, by capital and technology that is not to be had either, shifting the
country's dependence from an energy supplier to a capital or technology
supplier.

Finally, while in any type of economy, energy rationalization requires
active participation by the State, in order to overcome market limitations as
well as to provide orientation to the energy sectors, in societies such as
those of Latin America, the institutional aspect ceases to be a complement and
becomes an essential element in the process.

Without a clear and firm decision by the State, manifested in concrete
actions to guide industrial firms, there is no possibility of developing a
successful rationalization programme. In fthe case of the electric power
sector, public support for the substitution of oil by other sources has indeed
been clear and the results, evident. Nevertheless, in other branches of the
sector, very few countries have concrete programmes capable of producing an
impact; thus, the need to formulecte integral programmes of action in this
field.
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+  Neither should we lose sight of the fact that although the region has
sufficient natural and human resources, and has the basic technological
knowledge to become involved in an important rationalization process, it seems
quite difficult, under the present international circumstances, for energy
rationalization to advance rapidly unless the spirit of Latin American
co-operation is consoligated through specific projects. Together, the
countries of Latin America will be able to surmount many of the constraints
now suffered by the process; separately, each one of the countries will find
stumbling-blocks difficult to overcome.

The foregoing reflections do not intend to be discouraging, but rather
to put the process into its proper perspective. In all of the coutries of the
regional there exists a potential for rationalization which should be tapped
as part of the energy development strategies. However, we should not overlook
the fact that while this is an important part of the solution to regional
energy problems, rationalization is not a "cure-all" for these problems, and
its features should be a function of the concrete realities of the region, in
oroer to become an instrument capable of dynamizing the economies and aiding
to pull them out of their states of dependence .

This does not mean that in its efforts to rationalize energy production
and consumption, Latin America should act "behind the world's back". As the
PLACE affirms, "The Latin American countries have to cope with the
international economic and energy situation with their own, independent
solutions. However, these efforcts should be complemented through
international Co-operation, despite the difficulties derived from the
prolonged crisis experienced by the industrialized countries. There is no
doubt that intense international co-operation will be mutually beneficial for
developed and for developing countries alike" (12).

(12) OLADE. Latin American Energy Co-operation Programme (PLACE), Santo
Domingo, 1981, pp. 273




ENERGY CONSUMPTION IN PERUVIAN INDUSTRY
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l. Frame of Reference

Peru is located on the West Coast of South America. It's territory has an
area of approximately 1.3 million km2. The current population is 17.8 million,
with an average growth rate of 2.5% per year during the past decade. Approxi
mately 45% of this population lives along the Coast, 50% in the Andean highlands
(Sierra) and 5% in the Amazon (Selva). The corresponding areas are 12, 27 and
61% , respectively. The Capital, Lima, is on the Coast and its population borders
5 million inhabitants and is rapidly growing due to internal migrations. Peru's
main industries are established in Lima, converting the city into Peru's economic

heartland.

In 1982 Peru's GDP was US$ 19.2 billion which, in per-capita terms,
amounts to US$ 1,068, Total exports were US$ 3.2 billion and the country's total
debt is about US$ 11,6 billion.

Peru's manufacturing industry enjoyed a dynamic period during the 1950's as
a result of impori=substitution of consumer and intermediate goods. The growth of
manufacturing industry and the sector's share of GDP is shown in.the following

tatle :

PERU : GROSS DOMESTIC PRODUCT
Values in Billion (10°) 1973 Soles

Table -1
1950 1960 1970 1981 {*)
Valuve % Value % Value % Value %

Manufacturing | 22.9 18.1 49.5 22,9 87.2 24,7 1123.5 | 24.6
Total GDP 126.3 (100.0 § 215.7 [100.0 | 352.6 |100.0 |502.9 |100.0

(*) Estimated

Source : Reference 1=a

# .
Consgltants to Project PER/82 - Technical and Economic
Studies of Energy. UNDP - Ministry of Energy and Mines.
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It can be concluded that Pery's GDP and Manufacturing output grew at the

following average annual rates :

AVERAGE ANNUAL GROWTH RATES

% Table | -2
Period GDP Manufact. Output
1950/60 5.5 8.0
1960/70 5.0 5.8
1970/80 3.2 3.3
1950/81 4.6 5.6

Table | =3 gives a break=down of gross output of manufacturing industry
by branch for 1970 and 1981.

PERU : GROSS OUTPUT OF MANUFACTURING INDUSTRY
Vaives in billion (10%) 1973 Soles

Cuadro 1-3
1970 1981 (*)

Value % Value %

Food 31.4 36.0 30.1 24 .4

Textiles 12.5 14,3 15.1 12,2

Chemical Prods. 10.8 12,4 22,8 18.5

Primary Metals 7.6 8.7 14.1 11.4

Metallic Prods. 7.9 2.1 18.2 14.8

Other Industries 17.0 19.5 23.2 18.7

LTOTAL 87.2 100.0 123.5 100.0

(*) Estimated Source : Reference 1-ga
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During the period 1970~1981, the chemical, primary metals and metallic products
were particularly dynamic, growing at an average rate of 7.0, 5.7 and 7.8%,
respectively. The share of these three branches grew from 30.2 to 44.7%  of

total industrial output during the decade.
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It.  The Peruvian Energy System

Peruvian apparent consumption of primary energy, i.e. that demanded for
internal consumption before transformation, reached 133,000 TCal in 1982, while
primary energy production was 155,000 TCal. The difference between these two
figures is accounted mainly by the export of crude oil (20,000 TCal). The break-

down of apparent consumption in 1982 was as follows :

APPARENT CONSUMPTION OF PRIMARY ENERGY, 1982

Table I =1

TCal % Usual Units

Crude Oil and Associated Gas | 86,700 | 65.2 | 2.8 100 3]
3

Hydro-energy 10,000 7.5 9.3 107 GWh
Animal and Vegetable Fuels 35,400 26.8 9.8 106 Ton
Coal 700 0.5 [ 100.0 103 Ton

Source : Reference 1-b

The animal and vegetable fuels shown are mostly non=commercial fuels

used in the rural sector (mainly firewood and cow=dung ).

Hence commercial fuels represented 73.2% of apparent primary energy
consumption while non-commercial fuels had g 26.8%share. The latter's share

has steadily fallen over the past decades : in 1965 this share was 46.5%.,

The production of commercial energy is mostly (92%) of non-renewable
forms , the reserves of which are the most limited (Gil = 1'070,000 TCal, Gas :-

160,000 TCal and Coal : 19,000 TCal), representing only 8% of total energy
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reserves. In contrast, the hydro potential, estimated at 58,000 MW, would mean
‘reserves' of 16'000,000 TCal (assuming 5,000 hours per year and 50 years useful
life). Biomass, uranium and other energy resources have not been considered in

this comparison, despite their having great potential importarce.

National crude output during 1982 reached 71.2 million Bbl, enough to satisfy

domestic demand and generate exports.

Total wfinery capacity in Peru is 187,500 bpd of which 173,000 bpd are insta -
lled on the Coast and 14,500 bpd in the Amazon.

Electricity production in 1982 was 11,328 GWh, of which 82% were of hydro
origin and 18% thermal. Fxcepting the small use of bagasse as fuel (4%  and
diminishing ) + thermally generated power uses mostly fuel-oil, diesel  and

gas. The 1970/82 growth rate of electricity output was, on average, 6%.

The installed capacity of power stations was 3,228 MW in 1982, of which 1,917
MW (59%) hydro and 1,321 MW (41%) thermal. OF total capacity, 65% belonged

to public utilities and 35% belonged to self-producers.

National coal output in 1982 was 70,600 tons (anthracite) ; 30,000 tons of bitu-

minous coal and 86,300 tons of coke were imported also.

Final energy consumption in 1981 was 99,700 TCal. This kreaks down by economic
sectors as follows : residential, commercial and public services : 42.7%, pro -
duction (manufacturing, agroindustry, fishing and mining) ¢ 32.0 %, {ransportation:

25.3%.

Per~capita energy consumption in 1981 was 6.3 G Cal and per-capita electri_
city consumption wus 594 KWh, both below the corre sponding world average values
of 19.5 G Cal and 1,700 KWh, Almost 35% of Peru's total population consumes

fire wood while only 41% has electric lighting.
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We now consider the participation of the economic sectors in GDP and in
energy and electricity demand. The production sector (manufacturing, fishing ,
agro=industry and mining) contributed with 53.8% to GDP, while demanding 32%

of total energy and 67% of total electricity.

Peru's energy trade balance has been favourable for the past 5 years hecause
of the growth of oil production at a rate sufficient to cover domestic demand while
leaving an exportable surplus equivalent to 20% of total exports. Lless t w 2%

of energy consumption is satisfied by imports :  mainly coke and coal.

The industrial sector's energy consumption in 1981 was 31,900 TCal, represen
ting 32% of the cauntry's total. The sector's consumption is broken down as
follows : manufacturing, 57% ; mining and metallurgy, 26% ; agro=industry, 10%

and fishing (fishmeal included), 7%.

In the period 1970/81, the sectoral growth rate of energy consumbption avera=-

ged 1.6% per year while gross output grew at yearly average of 2.8%.
Table 11-2 shows the composition of industrial energy consumption by fuel :

ENERGY CONSUMPTION - INDUSTRIAL SECTOR

BY FUELS
Table 11-2
1970 1981

TCal % TCol %

Oil and gas products 17,200 64,2 21,200 66.5
Coal and coke 300 1.1 800 2.5
Electricity 3,100 11.6 5,400 16.9
Firewood and bogasse 6,200 23.1 4,500 14.1
TOTAL 26,800 100.0 ! 31,900 100.0

SOURCE : Reference 1-b
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From this data we see that oil is, not only Peru's predominant industrial fuel,
but also its share in consumption has grown. The share of electricity has  grown
much more rapidly, along with that of coal ard coke. The latter's share remains,

however, negligible.

The manufacturing branches of industry, i.e. those comprised under Divisions
31 to 39 of the Uniform International Industrial Classification, registered an energy
consumption of about 18,000 TCal, of which t: following Divisions represented
77% : Paper ; Chemicals, Petrochemicals, Rubber and Plastic ; Non-metallic Mine

rals and primary metals (respectively, Div. 34 to 37).

During the period 1970/74 the prices of fuels and electricity in Peru were
roughly constant in US$ terms. These prices began to increase after 1975 and now
reach approximately intemational levels with the exception of electricity, as shown

below :

ENERGY PRICES IN PERU

1. Oil Product Prices (U.S. £ / gal)

Fuel 1970/74 May 1983
Gasoline (84 oct') 21 103
Gasoline (95 oct') 35 1z
Kerosene (Residential) 4 52
Kerosene (Industrial) 10 86
Diesel Oil No. 2 10 86
Fuel Oil No. 6 6 74
LPG 16 74

2.  Electricity Tariffs (Lima, in US ¢ / KWh)

Residential 2.6 2.8

Industrial 2.7 4,5

Commercial 6.7 10.6
Source :  Authors' calculations.
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I, Energy Use in Selected Branches of Industry

A,  Steel

A.1  Branch Structure

The Peruvian Steel Industry is comprised by the State Enterprise SIDERPERU
and the private firms Laminadora del Pacifico and Empresa Siderdrgica San Anto
nio, both recently established. The latter produces construction steel and steel

wire, while the former produces steel bars, with an installad capacity of 60,000
MT,

A.2  Processas, Installed Capacity and Production Levels

SIDERPERU's works are located in Chimbote and include the following
plants : blast furnace, direct reduction, flat mill, non flat mill, foundry, etc.

Annual capacity is about 520,000 MT of liquid steel.

The blast furnace has a diameter of 5.5 m with g useful volume of 540 m3
and a capacity of 310,000 MT/year. The furnace processes the acid iron pellets
produced at Marcona (Southern Peruvian Coast) and uses entirely imported coke.

Part of the slag produced is sold to the cement industry.

The steel plants are equipped with 4 arc=furnaces with a joint capacity of
270,000 MT/vr. liquid steeal. Twn 30 MT oxycen converter units are olso ins-

talled, totolling o copacity of 330,000 MT/yr. liquid steel. Two contiunous

castings are carried nut yeorly, each of 142,000 MT,
The direct reduction plant is desianed for 110,110 MT/yr, sponce iron, using

the SL/RN process in 3 rotary kilns.  Acid pellets nre uced, together with

coke powder or conl ond powdered limestone .
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A.3  Totol ond Specific Energy Consumption International Standards

SIDERPERU is one of Peru's main energy consumers, representing about9,8%,
of total monufacturing consumptionor5.64 of that of the whole production sector.

The main fuels used are coke ond fuel oil ; these represent 70% of energy consump

tion in SIDERPERLU), as shown in Toble A-1,

The specific energy consumption of liquid steel for 1980-81 is given below:

Liquid

Steel Liquid Electri~

Produc Fuels city Coke Cool Energy

tion (MT)  (KCal /kg (KWI/MT)  (KCal/Kg) (KCol/Kg_) (KCal /Kg)
1980 381.041 1611 707.8 2729 160 5109
1981 310.302 1929 799.5 2698 7 5732

We now compare theses values with those corresponding to other countries:

France (1973) . 4967 Kcal/Kg.
West Germany (1974) 3988 Kcal/Kg.
Italy (1974) 3558 Kcal/Kg.
Holland (1973) 4800 Kcal/Kg.
United Kingdon (1974) 4681 Kcal/Kg.

SOURCE : Reference (2)
The Peruvian volues appeor high in comparison with international stondards
ond this is largely due to the fact that only 60% of installed capacity is being

used.

A.4  Share of Energy in Production Costs.

This was nearly 27% in 1981, of which the cost of coke ond electricity was
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‘the most important :

Liquid

Fuel Electricity Coque Coal Total
1981 5.0 9.0 12,0 .6 26.6
SOWRCE : Reference (4)
A.5  Energy Saving Potential

(@)

Two important studies have been carried out on the energy saving potential

in SIDERPERU (See References (3) and (4) ). The main recomm ndctions are =

Short=Term :

Increase the use of fuel oil in the blast furnace in partial replacement
of imported coke. It would, however, be necessary to previously reline

the furnace with refractary bricks.
Increase the use of blast=furnace ga. in boilers.
Reduce the considerable fosses of steam in traps and by overall leakage.

Carry out a campaign of inspection, installation and maintenance of

insulating material throughout the plant.

Medium and long Term :

Partial substitution of coke by anthracite.

Increase in flame temperature by charges in fuel mix and dehumidifica=-
tion and oxygen enrichment of air.

Recovery of LD-converter gases.

Preheating of scrap iron with heat leaving ingots and billets during

cooling.
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- Complementary heating in electric furnaces, using fuel oil and oxygen,

in order to reduce peak electric demand.

SIDERPERU hos also finished o Rehabilitation Plan Study which includes
certain aspects related to energy efficiency, a Plan which it is hoped will be put

into practice soon.
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ENERGY CONSUMPTION OF SIDERPERU

(1981 )
Table A-1
SOLID FUFLS LIQUID FUELS
UNIT %oke Anthracite Electricity TOTAL
(10" ™) | a0 mT) Fuel Ol Diesel Ojl Propane (106 KWh) (TCal)

Blost Fumace 102.1 - 500 11.9 -
Boiler House - - 1,547 76.5 -
Direct Reduction 28.7 18.5 - 1,932.3 -
Stee! Melt Shop - - 226.8 532.1 80.1
Lime Kiln - - 1,521 .4 0.9 -
Foundry - - - 168.9 -
Non Flat Mill - - 4,561.1 564.2 -
Flat Mill - - 4,178.6 611.2 107.8
Boilers (Process) - - 6,866 - -
Ceneral - - - 107.3 -
Total 130.8 18.5 13,221.5 4,005.3 184.9 248 .1
Total TCal 837.1% 129.5 462 .8 131.6 4,2 213.4 1,778.6
Percentage Share 47 7.3 26.0 7.4 .2 12.0 100.0

SOURCE : Reference (4)




B. Mining and Metallurgy

B.1 Branch Structure

Four enterprises comprise the branch : Southern Peru Copper Corporation
(SPCC), Centromin Perd S.A., Minero Peri S.A. and Hierro Perd S.A. The for
mer three process copper ore, except for Centromin Perl S.A., which also
obtains zinc, lead, silver and 19 other products. Hierro Perd S.A. mines and

processes iron ore.

B.2  Processes, Capoucities and Output

Of the four enterprises mentioned, only Centromin Perl works  underground
mines. The enterprise works six mines and a metallurgical complex at La Oroya in
the Central Andes. Southern's mineral is sent to the llo Smelter (Southern Coast)
from its mines of Toquepala and Cuajone by rail. Blister copper is produced at llo,
from where it is taken to the neighboring Minero Perd Refinery. Here, copper
cathodes are produced by thermal and electrolytic refining. Minero Perd also
produces copper cathodes from oxides, extracted from its Cerro Verde mines near
Arequipa by an electrowinning process. Finally, Minero Perl refines zinc concentra
tes at Caiamarquilla, near Lima, through roasting, leaching, electrolysis and casting

into bars.  Table B-~1 shows installed capacity and output by enterprise and product.
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CAPACITY AND OUTPUT IN METALLURGY

Table B-1
Enterprise/Site Capacity and Product Output and Year
(MT y) (MT)
Southern Peru Copper Corp.
= llo Smelter 300,000 Blister Cy (99.2%) 240,807 (1982)
Centromin Peri S.A.
= La Oroya 59,000 Cuy Anodes (98 %) 54,069  (1981)
57,000 Cu Cathodes (99.99% 50,026  (1981)
70,000 Zn Bars 72,487 (1981)
92,000 Pb Bars 85,258 (1981}
Minero Perf S.A.
=~ llo Refinery 150,000 Cu Cathodes (99.99%) 141,630  (1980)
= Cerro Verde 33,000 Cy Cathodes (99.99%) 33,366  (1981)
= Zinc Refinery 101,500 Zn Bars (99.99%) 92,152 (1982)
Hierro Perg S.A.
- San Nicolds Plant 7'600,000 Fe pellets (5 %)|5779,284  (1982)

SOURCE

References (6) and (7) ; Southern Peru and Hierro Per(

The percentage of capacity used is high, excepting Hierro Perd. Both

the export and domestic demands for iron pellets have contracted considerably due

to domestic and world recession and increased steel imports.

8.3

Total and Specific Energy Consumption . Internaticnal Standards

Total mining and metallurgical energy consumption are shown in Table B~2,

Of the total,

boilers.
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TOTAL ENERGY CONSUMPTION (in TCal)

Table B-2
ENTERPRISE 1980 1981 1982
Southern Peru Copper Corporation 3,795 3,589 3,822
Centromin Perl S.A, 1,019 1,069 976
Minero Perl S.A. 876 555 558
Hierro Perd S.A. 839 818 618
TOTAL 6,529 6,031 5,974

SOURCE : PetroPerd S.A. and General Directorate of Electricity.

The observed decline in total consumption is explained by the international

recession.

Table B=3 shows the specific energy consumption, both thermal and electri=

cal. These values can not be directly added, since all of the enterprises are self-

producers of electricity.




SPECIFIC ENERGY CONSUMPTION (SEC)

Table B-3
SEC SEC
Enterprise/Process Thermal Electrical Product
KCal/Kg) | (KWh/TM) and year
1. Southern Peru (ilo)
Concentraies to Blister 7,384 * - Blister Cu (1978)
2. Centromin Peri (La Oroya)
Concentrates to Blister 7,000 n.a Blister Cu (1981)
Concentrates to Cathodes 8,780 n.a. Cu Cathodes (1981)
Concentrates to Zn bars 385 4,000 Zn bars (1981)
Concentrates to Pb bars 4,820 180 Pb bars (1981)
3. Minero Perd
Blister to cathodes 1,980 362 Cu cathodes (1980)
Concentrates to bars 283 4,212 Zn bars (1981)
Oxides to cathodes 10,350 * 3,800 Cu cathodes (1981)
4. Hierro Perg
Mineral to pellets 225 - Fe pellets  (1978)

SOURCE : References (3) , (6) and (7)

o

refers only to electricity consumption.

Includes fuel consumption for electricity generation. The SEC,) included

Depending on the efficiency of electricity generation, a higher or lower

specific energy consumption will be obtained.

For example, the values shown for

Southem and Cerro Verde reflect the different efficiencies of their respective genera

tion systems, despite the use of different processes.
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It is difficult to e-mrare Peruvian with international standards due to the
different ore grades and kinds of ore, of processes and electricity systems. It is
estimated that to transform copper concentrates to blister in modern plants requires
between 5,500 and 6,000 kCal/kg (Thermical) _1/, while some 6,500 - 7,500 kCal/
kg (Th) and 200 kWh/MT 2/ would be needed for the process concentrates to
cathodes. Hence, Peruvian values in copper are higher, in some cases substantia-
Iy, hen international standards _3_/ Regarding peruvian specific consumption for

producing iron pellets, it has been concluded that it is possible to lower this value
by 20% 4/.

B.4  Share of Energy in Production Cost

Table B-4 shows energy shares as a percentage of total direct production
costs ; i.e. excluding taxes andinterest. The high values obtained are partly ex -
plained by the cost of fuel for electricity generation; a particularly significant
item for Cerro Verde, as was shown above. In contrast, the pellet plant at San
Nicolas has used increasing amounts of cheap electricity by interconexion with

the Mantaro hydro=plant.

SHARE OF ENERGY IN PRODUCTION COSTS

Table B-4

Enterprise Share (%)
Southern Peru Copper Corporation 40
Centromin Per( S.A. n.d.
Minero Per( S.A. : Refinado Cu 63
Minero Perd S.A. : Cermo Verde 83
Minero Perd S.A. : Refinado Zinc 69
Hierro Perd S.A. 25
SOURCE : Data given by the enterprises for 1982.

_1_/ Reference (7) E/ References (3), (6) and (7)

2/ References (7) and 15) 4/ Reference (3)
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B.5 Energy Saving Potential

Studies on energy conservation in Peru indicate that it is possible to save
considerable amounts of energy with small to large investments. Improved opera
tion of turbines and boilers has been recommended for Southern Peru, as well as
the replacement of direct-fired air pre=heating for fumnaces, by a system which
recovers flue gas heat of the same fumaces, an improvement of the lime kiln
and the use of converter waste~heat for steam raising. The latter can be consi =
dered a high investment option that could save 11% of total energy consumed. A

further 14% saving would be possible after only small investments. (See reference

@) ).

The case of Centromin Peri is very special due to the complexity (22
products) and age of the plant and equipment. An estimated 40% potential energy
saving should, therefore, come as no surprise (Reference (3) ). This does not

include the savings achievable by substituting oxygen for air in the copper smelter.

Regarding Hierro Peri S.A., savings of about 20% have been estimated,
mostly by improving the operation of the San Nicolas pellet plant. The enterprise
has recently signed a contract with a local consultant for studying the increase in
power factor from 0.84 to 0.91 and the reduction of losses in the enterprise's elec

tricity distribution system.

Finally, the recommendations for Minero Peri) S.A. and the measures taken

are examined for each plant separately  :

(@) llo Refinery : The integration of the operations of Southern's smelter with
those of the Refinery and the balancing of the latter's thermal and electrolytical
units would save about 15% of total consumption, after an investment of

US$ 100 - 123,000 (Reference (6) ). Regarding the balancing, Minero Per§ S.A.
has recently signed a contract with UNIDO for starting a pilot project of periodi=
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caldy.reservable wyrent in the electrolytic unit, allowing a greater effective

capacity.

b) Zinc Refinery : In general (Reference (6) ) the recommendations are of
marginal importance. Nevertheless, ar inmediate saving of 2% would be
attainable by investing only US$ 5 = 10,060, On the other hand, although the
plant could operate continuously, a slower rate of production from 18:00 to

22 :00 hours is being considered as a way of reducing Lima's peak electricity

demand. Moreover, steam raising by waste heat recovery from the roasting fur=

nace is a possibility.

() Cerro Verde : The main problem is the high cost of electricity (US$ 0.12/
KWh versus US$ 0.08 at Southern's llo power plant, according to ref. (6) and

Southern's data).

Hydro~power from Charcani V might not always be available, for Cerro
Verde , because of the area's recurrent droughts. It would therefore seen
advisable to transfer the firm's gas turbines to Arequipa where they would operate
at greater efficiency due to the lower altitude and the possibility of cogeneration.
At the same time, emergency diesel units, designed for fuel oil use, would be

installed in Cerro Verde .
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C. Cement

C.1 Branch Structure

The cement industry in Peru is compoSed of 5 firms, owning 6 plants sited
throughout the country in the proximity of limestone quarries. Almost all of the

output is Portland cement.
Currently the Government has a 49% share of the capital of Cementos Lj-

ma, Cementos Norte Facasmayo and Cemento Andino and wholly owns Cementos

Yura and Cementos Sur.

C.2  Processes, Capacity and Output

Two of the six plants .use the wet process while the remaining four use the

dry process. Capacity and output by plant for 1981 are shown in Table C-1.

C.3  Total and Specific Energy Consumption. International Standards.

Total energy for the branch was 2,667.8 TCal in 1981, as shown in
Table C~1. The branch's 14% of total consumption in manufacturing makes ir
the leading consumer in this sector. Almost all of this energy is used in the

plants' rotary kilns.

Specific fuel consumption for the wet process was 1,370 KCal/Kg, compa
red with an average of 940 Keal/kg for thedry process. The overall average
value was 950 Kcal/kg (Thermal) and 15 KWh/Ag, which is comparable to  the

specific consumptions in other countries, as shown below -



Kcal/kg KWh/kg

Cemant Cement
West Germany 800 - 1200 . 118
ltaly 900 . 127
USA 886 e
u.K. 1358 . 163

SOURCE : Reference (10)

C.4  Share of Energy in Production Costs

The share of fuel oil fluctuates between 40 - 50%, according to the
plant. The share of electricity is more variable, since some plants are self =
producers while others draw electricity from the grid. Moreover, the primary
source is sometimes hydro and sometimes fuel-oil. Therefore the share of elec

tricity lies between 15 ond 25% of costs. ‘

C.5. Energy saving potential

The main studies carried out by the enterprises themselves on energy

saving potential are :

Cemento Norte Pacasmayo 2

- Energy Savings by aiding the grinding process.
- Clinker production with minimum energy expenditure.

- Portland Cement manufacture from slag.

Cemento Andino :

- Coal use in cement manufacture (in process).

~ Energy saving in clinker production (in process).

Cemento Lima :

- Cement manufacture by puzzolana process.
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In addition, the Ministry of Energy and Mines, within UNDP Project
PER/78/010, prepared a survey of the whole branch (Reference (3) ) and recommen

dations on energy saving in the two plants of Cemento Lima.

A study on the possible substitution of coal for fuel oil in this same

enterprise has also been finished (Reference (14) ).

In relation to the measures put into practice and the results obtained,
we can mention the production of mixed cements, especially Portland ‘and
Puzzolana ~ type 1 PM cement. Also, since 1967 cement output is predominantly
carried out by the dry process. The four main plants have installed pre~heating

systems and some have pre-roasting or are planning to install such systems.
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OUTPUT AND ENERGY CONSUMPTION [N CEMENT, 1981

Table C-1

PLANT Installed Ca- Cement Output ENERGY CONSUMPTION | SPECIFIC ENERGY CONS.
| Process pacity 103 MT 103 MT Heat (TCal) | Electricity (GWh) | KCal kg (Th) KWh/kg (el.)
Atocongo Dry 1000 992.8 750.0 116.9 755.4 .12
Chilca Wet 200 229.8 326.6 20.3 14121 .09
Pacasmayo Dry 1000 404.0 383.9 (1) 79.6 950.2 13
Andino Dry 450 432.0 443.8 80.2 1027 .3 19

Yura Dry 500 295.0 302.5 47.5 1025.4 .16

Sur Wet 20 81.0 107.1 9.4 1322.2 .12
TOTAL - 3240 2434 .6 2313.9 353.9 950.4 15

(1) Estimated.

SOWRCE : References (1), (13) and (14)



D.J

Textiles

Branch Structure

Over 600 plants comprise the peruvian textile branch, the distribution of

which, according to the Uniform International Industrial Classification (4 digits)

is

e % Plants
3211 Spinning, weaving and textile finishing 41.8
3212 Textile Manufacturss, except clothing 7.2
3213 Knitted ~ ware 45,3
3214 Carpeting 1.6
3215  Roping 21
3219 Other textiles 2.0

Clearly two sub=-branches, numbers 3211 and 3213, account for over 87%

of the firms.

D.2

Total and Specific Energy Consumption

Total encrgy consumption in textiles during 1979 was 960.2 TCal or 7% of

total consumption in manufacturing (1.2% of Peruvian total).

The following table gives a break ~down of energy consumption in textiles

by sub=branch s

Fuels Electr. Total

ulc % % _ %

3211 Spinning, weaving and fextile finishing 9.1 87.8 90.1
3213 Knitted-ware 8.0 7.8 8.0
Other sub-branches 0.9 4.4 1.9

1/ Reference (1%)
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It can be seen that the spinning, weaving and textile finishing sub=branch
is by Rr the largest energy consumer.  Moreover, only 5 plants account for 20%
of the total fuel consumption. In this same sub-branch, the fuels were mostly
used for steam raising, in order to carry out various processes, such as bleaching,
mercerization, sanforization, dyeing, etc. On the otker hund, the spinning and

weaving operations use mostly electricity.
There exists a recently prepared energy audit of a Peruvian textile plant,

(Reference (16) ) which gives an average specific energy consumption of 14,860

KCal/kg of cotton cloth.

D.3  Share of Energy in Production Costs

This share has been put ot ?.7% and 7.3% for electricity and fuels, respec
tively, in the case of Peru's largest textile concern, Fabrica de Tejidos La Unidn

Lida.

D.4 Energy Savings Potential

In several ot the textile enterprises various efforts at energy conservation ha

ve been made, although mostly partial and inmediate in nature.

The energy audit mentioned above(for the firm "La Parcela") has given the

following recommendations -

better boiler operation
- pre~heating of boiler feedwater
- improvement of insulation

- recycling of purge water

These measures would mean a saving of between 12 = 18% of total energy

consumed , or US$ 25 - 38,000 annually. Further conservation measures, carried out



through plant modernization, should allow additional energy savings of up to 10%

in the short term and 20% in the medium term. The necessary investment would

have paybacks of 1 to 3 years.

The firm "Fabrica de Tejidos La Unidn S.A." has also put into practice

several energy saving measures :

installation of specially covered rollers in order to w..ng out an additional

35% of the water in textiles, thus saving 17% of the steam used for drying.
chonges in the system used for dyeing, at a saving of 4,082 KCal/Kg cloth.

planning of production schedules and maintenance and insulation of steam djs-

tribution pipes.
The following measures were taken by the firm "El Amazonas" :

increase in the power factor and coordination of production line start - up

in order to reduce maximum load.
improvement of condensate recovery system.,

study of a possible coal-fired steam turbine for process steam and electricity.
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.

Sugar

E.1 Branch Structure

This industry is mostly established along the North Coast valleys and is com-

prised of a total of 12 cooperative plantations with sugar mills.

E.2 Processes, Capacity and Output

The sugar mills are composed of the following units : cane = crushernd

Table E=1 shows the

press, cifusor, evaporation pans, refinery and steam turbines.

output of crushed cane, bagasse and sugar of the 12 enterprises comprising the

branch. Data on current installed capacity are lacking.

Howe ver, in 1975 8.9

million MT of crushed cane were produced, which would indicate that the indus=

try is operating substantially below capacity; in part because of drought and floods.

SUGAR OUTPUT BY ENTERPRISE - 1981

(Thousands of MT)

Table E«1

| v | s | e
Casa Grande 573.1 219.2 68.8 328.8
Cartavio 513.0 195.4 42.3 293.1
Paramonga 617.3 234.6 53.3 351.9
Tuman 761.2 271.7 74 .1 407.6
Pucala 830.4 283.1 90.3 424.6
Pomalca 684.2 219.4 63.5 329.1
Cayalt? 317.8 117.6 27.7 176.4
Laredo 258.4 81.0 24.9 121.5
Son Jacinto 195.8 64.7 16.9 97.0
Andahuasi 205.6 65.8 214 98.7
Chucaraupi 116.9 37.0 9.1 55.5
Ingenio 52.2 19.0 4.0 28.5
TOTAL 5'125.9 1'808.5 496.0 2,12
SOURCE - Reference (17)
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E.3

Total and Specific Energy Consumption.

Intemational Standards

Table E-2 shows total consumption by fuel and enterprise .

not shown, since this is almost entirely self~produced; except for Paramonga, which

was therefore treated specially.

Electricity is

TOTAL ENERGY CONSUMPTION OF SUGAR INDUSTRY

1981
Table E-2
r Diesel Fuel
FIRM Oil oil Bagasse TOTAL
(Th.Bbl ) (Th.Bbl ) (Th.MT) (TCal)
Casa Grande 25.6 329.4 180 790
Cartavio 1.2 258.8 162 652
Faranienga 12.3 325.4 195 787
Tuman 16.7 101.0 242 534
Pucalé 26.9 74.5 262 540
Pomal ca 17 .1 40,2 216 407
Cayalt? 9.3 51.8 100 239
Laredo 10.5 431 81 199
San Jacinto 6.2 - 62 102
Andahuasi 9.7 - 65 170
Chucarapi 5.0 14.7 37 84
Ingenio 3.5 - 17 30
TOTAL 164.1 1,238.9 1,619 4,474

SOURCE : Author's calculations,

Azuycar data.

based on PETROPERU and Institute del
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Bagasse consumption has been colculated by using overall industry coefficients.

Hence the specific consumption, 5,351 KCal/Kg , is an overall approximate average.

There is, however, a study of Paramonga referred to 1978, the rezults of which

appear in Table E-3.

ENERGY CONSUMPTION IN PARAMONGA, 1978

Table E-3
Product Specific Consumption Internat. Stand. (KCal /kg)
KCal/Kg KWh/MT Average Modern
Raw Sugar 4,654 97 3000~-3200 | 2000-2200
Refined Sugar 1,747 35 1500 1000-1300
TOTAL 6,401 132 4500-4700 | 3000~3500

SOURCE - Reference (3)

It is apparent that peruvian values are much higher than that of best
international practice. This is because of inudequate maintenance of equipment,
many of which date from 40 years ago. It has been calculated that, for example,
many boilers are operating at low efficiencies : .5 and 70% for bagasse and fuel

oil =~ fired boilers, respectively.

E.4  Share of Energy Costs

No data has been found for this calculation.

E.5 Energy Saving Potential

It is essertial to install modern control equipment in the industry's boiler
and ancillary equipment. It may be necessary to@rry out a whole:le modernization

of plant and equipment, given the age of that existing.
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On the other hand, some cooperatives are studing the possibility of pre -
drying the bagasse by using waste flue~gas heat from boilers.

A system of electricity generation based on coal has also been proposed ;
one wnich would not only satisfy mill demand, but also that of nearby areas,

traditionally subject to brown =outs and black=outs.

This option should be considered together with the sugar enterprises. Another
similar problem is that of the Paper industry, which uses bagasse as an input, pur-
chasing it from the cooperatives oi the heat-value equivalent price of fuel oil.
Thus, the paper has a high and increasing cost, while the cooperatives must burn oil

to fire their boilers.
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F. Electricity Sector (Public Utilities)

F.1 Branch Structure, Capacity and Output

Peru's six electricity public utilities are = ELECTROPERU S.A., ELECTRO-

LIMA S.A., HIDRANDINA S.A., SEAL, COSERELEC and EEPSA. These
own 2,246 MW, or ¢4% of total installed generating capacity ; and produce 75%
of total electricity. The public utilities' capacity was 77% hydro and 23% ther-
mal. The latter is comprised of steam turbines (44.5 MW), gas turbines (251.1 MW)
and diesel engines (290.1 MW).

ELECTROPERU S.A. operates 287 power stations nationwide, totalling
1408 MW (75% hydro and 25% thermal) installed capacity and generating
4637 GWh in 1982, Only 13 plants are over 19 MW each in size, and jointly
represent 90% of total capacity and 95% of output. ELECTROPERU S.A. serves
about 33% of the population living within its concessions (372,000 clients).

ELECTROLIMA S.A. has an installed capacity of 599MW, including a
109 MW gas turbine, 41 MW other thermal and the remainder (75%) hydro. The

enterprise serves Metropolitan Lima, a total of 682,000 users.

The area of influence of SEAL is the city of Arequipa (70,200 users), for
whose service 70.8 MW are installed (57% hydro and 43% thermal).

F.2  Total and Specific Energy Consump*ion

The public utilities ' fuel consumption in 1982 was 1986 TCal, including
1,238 diesel oil and 748 TCcal fuel oil.

The yields in KWh per gallon of fuel are shown in the next page .
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Type of Yield

Thermal Station KWh/Gal
Diesel 14.0
Steam 10.0
Gas Turbine 9.4

These values depend on the size, age, maintenance, and operating regime of
the installed equipment. The yield value shown for diesel plants refers only to the
larger, more efficient, units ; not to the vast majority of small units operated by

ELECTROPERU S.A. whose yields are much lower.

F.3  Energy Saving Potential

Despite the lack of a formal program for energy conservation in electricity
generation, several steps have been taken which tend towards g more rational use of

energy.

ELECTROPERU S.A. has changed the merit order of the gas turbines of
Chimbote and Trujillo from base or shoulder to peak or reserve, as a result of bujl-
ding the Lima ~ Chimbote transmission line. This line, by feeding the Chimbote =
Trujillo system with hydro-generated electricity, will save a significant amount  of

diesel oil.

Looking south to Arequipa, SEAL has introduced the combined cycle in its
system by installing a waste~heat boiler alongside its new 20 MW g turbine. The

extra 6 MW thus generated imply an increase in the efficiency of diesel oil use.

Turning now to ELECTROLIMA's rationalization activities, under the headings
of combined cycle, modernization of street lighting and load administration, we

observe the following possibilities :
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= Extra generatior. of 40 MW by waste~heat boiler recovery at the 109 MW gas

turbine .

= Replacement of 160,000 existing street lights by the more efficient mercury and
sodium lamps, thus reducing total load by 22 - 24 MW and an energy of 98-100
GWh/yr.

= Direct control of maximum kad by moving major industrial loads away from peak
hours. The new tariff negotiated between ELECTROLIMA and MINEROPERU
(see report in paper on Cajamarquilla Refinery), is a step in this direction.
Indirect control would aiso be achieved by con intended marginal = cost pricing

system .
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v. Policies for the Rational Use of Energy

The Peruvian Government has given a great importance to energy conserva-
tion. The Ministry of Energy and Mines Organic Law mandates the creation of a
National Energy Council which has the function of regulating energy conservation.
In step with this objective, a National Center of Conservation and Rational Use of

Energy will be established.

This Center's activities include :

1. Increasing the overall energy efficiency of production and services. This in-
cludes extending the currently available "heat supplied" energy balances to
the "useful-energy" level and the preparation of energy audits. Also included
is a new legislation for promoting conservation on the part of final users by

setting up the necessary regulations and incentives.

2, Coordinating the manufacture of energy=-using equipment with conservation in

mind.

3. Stimulating the substitution of oil products by other, nationally more desirable,

sources of energy.

From the various studies and estimates available to H.e Ministry of Energy
and Mines, it is thought that it is possible to save between 9 - 13% of the oil
consumed in industry over the next 5 years ; and 25% over the next 10 - 12 years.
Estimates for the short term indicate a possible saving of 1 million Bbl of ojl per

year, with o current value of about 30 million US$ per year.

For these results to take place, great reliance is being placed on the
National Center of Conservation and Rational Energy Use. This Center must, fhere_
fore, be given adequate technical and financial resources, including those from

international sources, the appropriate requests for which are now under way .
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UNITS

1 TCal

i]

1 GCal

PRODUCT

Coal (Anthracite)
Firewood

Bagasse

Crude Ol
Associnted Gas
Coke

Charcoal

LPG

Gosoline
Kerosene

Diesel Qil No. 2
Fuel Qil No. 6
Electricity
Hydro-energy

10° KCal

10 KCal
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LOWER HEAT VALUF

.00 Teal/10° Ton
3.
.50 Teal /103 Ton

.38 Teal /103 Bbl

.234 Teal/ 103 cu. ft.
.40 Tcal/10° Ton

.50 Teal/10% Ton

.95 Teal/103 Bbl

.22 Teal/103 Bb

.33 Teal/103 Bb

.38 Tcol /103 Bb!

.48 Tcnl/103 Bbl

.86 Tcal/GWh

075 Tcal /GWh

60 Tcol/103 Ton



Rational Use of Energy and 0il-Substitution in the Textile Industry

M. W. Horning
General Enercy Department
Ministry ¢’ Econcmic Affairs
The Hague

1. The position of the textile industry in The Netherlands and Snuth America

The industrialised monufacture of textiles began in England in the 19th
century. In the Netherlands texti’e mills arose in the middle of that
century, being among the country's first major irdustrial enterprises. These
wholly mechanised undertakings covered the whele range of the textile
oroduction process, including spinning, weaving, finishing and garment-making.
In the intei-war years the Dutch textile industry flourisihed and exported much
of its outout, mainly to densely populated south-egst Asia, in which Indonesia
- then a Dutch colony - was a major outlet. World War IT was turning a

poirt, A number of conrurrent factors rontributed to a decimation of this
orce flourishing industry over 3 20-year period. Main causec were;

-~ the emergence +f production capacity in Asian countries like India,
Taiwan and South Korea, which deprived the Netherlands textile
industry of its main export mariet,

-  low-cost Fraduction, in Asian countries in particular, flooded the
Outeh home matket with chean imoorts,

- low efficiency of the Dutch production process in addition to high
labour costs, As firms had to use a large part of their financial
reserves to fund losses, they could not invest in new labour-saving
equipment to replace obsolescent machinery. Table 1 shows this
development in figures.
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150

100

50

1960 1370 1980
sales in million LS$ 1,020 1,050 1,530
(at current prices)
werkforce x 1,000 116 60 32
% of total Dutch
industrial output 7.6 1 8.0 2.3

Taole I. Development of the Netherlands Textile In-

dustry in figures (source: Netherlands Cen-

tral Statistical Office).

Table II snows tne development of Dutch marnufacturing

and trade in time, and the snhares taken by some sec-

tors.

INDEX 1960=100

1970

1960

1980

i

Other
Taxtile

Fand & Baverage

fable II: The develogment of the sha:

ranufacturing branches in sales (Sase 1960 = 10
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Currently the Dutch textile industry is maintaining preduction at the same

level through far-reaching specialisation.

The current production packace consists of high-grade printed and treated
fabrics for special uses, such as fashion clothing, recreational articles and
the like.

As for South America, information available ir the Netherlands - publications
by the Netherlands Foreign Trade Agency of the Ministry of Economic Affairs -
indicates that Brazil, Columbia and Argentina in particular have textile
industries which are comparable with the Netherlands'. 1In those countries
this industry has a substantial share in manufacturing output (Brazil 10% in
1980; Latin America totalling 8% in 1975).

2. Energy consumpt’on in the Netherlands

The following chart affords a aeneral, diagramatic insight into the actual
Dutch energy economy .

42% industry 17% energy as raw material
25% energy-consumption
15% transport

43% building area

Chart I. The shares of the three major user sectors in Dutch energy
consumption.

Table III surveys energy consumption by the various manufacturing sectors,

making it clear that the textile industry has a relatively small share in
total industrial energy ccnsumption,
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percentage

Food, drinks & tobacco 7.6
Textile, garments & leatherware 1.4
Paper and printing industry 3.2
Chemicals, rubber-cnergy use 22.8
~NON-enNergy use 42.7
Timter and building materials 4,2
Metallurgy 11.7
Engineering - electrotectnical 5.3
Other manufacturing 0.1
100.0

Table III. Survey of energy use by industrial sectors in percentages.

3. Energy consumption in the textile industry

The irformation contained in this section and the next relates mainly to the
most energy-intensive division of the textile industry, which is finishing.
Finishing plants make all sorts of garment fabrics and soft furnishings and
textiles used for recreaticnal purposes. The materials that go into these
fabrics are mainly cotton or cotton reinforced with polyester fibres,

Finishing serves to enhance the appearance and the performance of fabrics.

Processes to enhance appearance are in the main bleaching, dyeing and.
printing. The performance of fabrics can be enhanced by making them
noncreasing, shrink-proof and water-repellent. All these treatments can take
place during various stages of the production process - in the cotton-flock,
yarn and tissue phases of the product,

As these treatments are carried out in various sequences, depending on the

desired end product, it is impossible to describe a general textile finishing
process.
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At current Dutch energy prices, the share of energy in total production costs
ranges between 10 and 20%. For current prices of fuels in the Netherlands,
see Appendix 2,

4, Ways of cutting energy costs in the textile finishing industry

Energy costs in industry depend on:

- rates, which depend on external factors. Energy costs can be cut by
switching to other, cheaper fuels. This point is discussed briefly
in 4.2.

- the energy efficiency of production processes. The technical and
economic aspects of energy-conservation in the textile finishing
industry are discussed in 4.1.

Section 3 discussed the energy-intensive character of the textile finishing
industry and the share of energy in production costs. An effective
conservation programme can therefore bring a substantial improvement of the
cost structure.

4.1  Rational energy use

Conservation measures can be taken in:
- production processes, as explained in Section 3.
- energy supply as regards steam generation in the central boilerhouse.
- heating of the piant and office buildings.

As explained in Section 3, the production process can best be described on
account of four unit operations, mentioning the general measures for the
various unit operations item by item:

~ Mechanical pretreatments; noints to be considered in singeing are: s
a) higher transport speeds.
b) adjusting the width of the burner section to the width of the
cloth.
In these ways it is possible to attain a saving of 25-50% in comparison with
unad justed machines. Energy consumption per m2 of fabric ranges between
0.03 and 0.19 MJ.
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- wet pretreatments; the following points influence energy use during

the strengthening of the yarns:

a) the impregnating vat should be covered, with small openings left
for the yarns to pass in and out.

b) electricity supply to the drying cylinders should be cut off when
the strengthening machine is idle.

c) extra pressing of the yarns before drying.

d) using the steam condensate leaving the drying cylinder to heat

the impregnating agent.

The economic return on most of these measures is guod (Table V).

% steam saving kind of measure payback period
a 6 installing cover 6 months
b 3-5 automatic control same
devices
o 15 - 20 cannot be used with 2 years

existing plant

d 3-5 piping system + tank 1/2 - 2 years

Table V Savings on strengthening of yarns. Energy use of strengthening
machines ranges between 4.1 and 7.0 MJ/kg of yarn.

Another pretreatment takes place in so-called steamers (which are used also
for fixing dyes and condensing synthetic resins on fabrics). In these months
the cloth is brought into contact with air fully saturated with water-vapour
at a temperature of 100%.

To reduce eneray consumption by these machimes it should be tried to pass a
larger quantity of fabric through the steamer and limit loss of steam through

the exhaust system to a minimum.

Steam is exhausted at the openings where the cloth enters and leaves the
steamer, sa as to prevent cold outside air from entering (to this end a slight

over-pressure is often maintained inside the steamer).

- 106 -



Depending on the steaming process used, energy consumption varies between 1
and c. SMJ/kqg of cloth. Exact conservation percentages are not known.

- Dyeing and printing; the main factors that car increase the enerqy

consumption of dyeing machines unnecessarily are:

a) too large a ration between cloth weinght and the volume of the dye
bath. There are four kinds of dyeing machines (jiqgers, reel vats,
jet and overflow machines). An optimum ratio, based on practical

experience, can be given for each machine type.

b) it should be endeavoured to keep the dye baths' temperatire in open
dyeing machines just under 100°, so that steam supply can be
controlled by thermostat. Moreover, a cover with a sight glass
should be installed to prevent unnecessary heat losses.

c) 1in closed dyeing machines the water-vapour above the dyeing bath is
sometimes exhausted. To avoid energy losses exhaustion had better
take place after dyeing when heat supply to the bath has ceased.

By these means c. 50% of the energy cansumption of the dyeing process can be

saved without any investment (apart from the installation of COVErs on open
dyeing baths),

Energy consumption can thus be reduced to 5-10M3/kg of load, depending on the
type of dyeing machine.

During nrinting a great deal of energy is required to evaporate volatile
substances such as turpentine and water which are present in the printing ink
or paste,

Most roller film printing machines dry the printed cloth with air heated
directly by flames to lOO-lSOOC. Much energy is lost during drying by a too
generous use of air for safety reasons in view of the turpentine vapour.
Makers of printing machines can specify safety margins exactly. The critical
explosion limit of an air-turpentine mixture is 0.6% turpentine by volume.
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However, the following main processes are indispensable:

- mechanical pretreatments, such as singeing. This process consists
of passing the fabric over flames via rollers. Scorching is
prevented by cooling the burners, exhausting the combustion gases
and moving the fabric along at a proper speed. This treatment
serves to remuve protruding fibres, so that a smouth surface is
obtained.

- wet pretreatments, such as strengthening yarns and bleaching. To
this end the fabrics are passed through chemical baths (acuecus
solutions), and then over steam-heated drying cylinders.

- dyeing and printing.

- after-treatments such as impregnating fabrics and fixation of the

pigments on the cloth.

All these processes energy-intensive, because the baths of dyes and chemicals
in agueous solutions, which are constantly refreshed, have to be heated.
After virtually all treatments the washed and pressed cloth is dried in
various ways and/or brought into contact with hot air for fixing.

Apart from these thermal treatments, a great deal of mechanical energy is
needed to move the fabric along over the rollers and to power the ventilators
which carry off the saturated air after the drying process.

During a recent survey of ways of saving ene~gy dn the Dutch textile-finishing
industry, a numbe: of key figures were fixed for emergy use in a large number
of plants involved in the survey. See reference survey in Appendix 1.

Table IV shows the chief energy consumption data for the Dutch textile
finishing industry. They relate to the enmergy use, including heating, of the
16 Dutch finishing firms.

Total primary energy gas 56,210

use in t.o.e. 0il 9,190

Do. electricity in kwh public supply 41.6 . 106
own generation 31.4 . 106

Average use per primary energy in kg.o.e. 1.15

kg of fabric electricity in kwh 1.0

Table IV. Energy use by the Dutch textile finishing industry. See Apendix 2
for energy conversion tables.
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- after-treatments; these treatments consist mainly of drying the

cloth and fixing pigments or synthetic resins.

Cloth can be dried on a battery of cylinder dryers, the cylinders
being steam-heated and used in most cases to dry the cloth between
treatments. Major savings are possible through:

a) drying to a lower residual moisture content. This content can be
influenced by varying steam pressure and cloth speed, without
requiring any investment.

b) sealing steam leaks.

c) reducing standstill losses.

Standstill losses can be much reduced by a proper steam control device which
need not be expensive. The payback period on US$1000 investment is only a few
months,

Average enerqy consumption of cylinder dryers has been found to be between 3.0
and 4.5 MJ/kg of evaporated water,

Cloth can be dried in specially designed drying units in which it is stretched
full width in a chamber into which hot air is blown. The saturated air is
exhausted by ventilators. Fresh air is heated either directly by flames or by
moving past pipes containing steam or hot thermal oil.

Energy consumption of these machines, including electricity use by the
ventilators, is ¢.5-10 MJ/kg of evaporated water.

Energy can be saved by:

a) reducing the guantity of hot air, which can be done automatically by
a control system monitoring the water-vapour content of the
exhausted air and controlling air input. The rule should be 3
moisture content of 0.1 kg per kg of exhausted air. The investment
in this device, which saves over 30% on energy, is not large and the
payback period is less than one year.

b) drying to a higher residual moisture content; cotton cloth need not

be dried further than to 6-7% residual moisture content in most
cases.
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Practical experience has shown that drying to 1% residual moisture content
instead of 6 - 7%, causes an energy loss of 9%.

Energy can be saved also by extra pressing before the cloth enters the drying
unit. If the moisture content is reduced by 5%, the energy saving is 4%. The

two last-mentioned conservation methods do not require any investment.

By having the ventilators turn at the lowest possible speed c. 30% can be
saved on power use in many cases.

Pigments and other organic substances are fixed in special ovens operating
more or less by the afore-described process.

As in the drying process, energy savings are possible also in these ovens by a
correct dosing of hot air. The air volume should not be larger than is needed
to remove the released fixing substances with the exhaust air. Literature
recommends 4-5 kg of air per kg of cloth.

On enerqy use ranging between 2 and 2.5 MJ/kg of cloth, including electricity
use by ventilators, this measure resulted in savings of 25-50% in Dutch ovens.

Fuel consumption in the finishing industry does not only depend on the energy
efficiency of production processes. Heating of the factory bays and the

efficiency of the energy supply - boiler-house, combined heat and power plant
- also play a role.

Ways of saving energy in these respects are not specific to the textile
industry. In existing boiler houses, the following facilities are to be
considered:

a. the use of an economizer, in which part of the heat contained in the
combustion gases is transferred to the feedwater.

b. considerable eneragy savings can also be achieved by pre-heating the
combustion air with heat recovered from the combustion gases.
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c. In order to maintain water quality at the desired standard, boiler
water is regularly discharged. The heat contained by this
discharged water can be almost entirely utilized for the purpose of
pre-heating the make-up water with the use of a heat exchanger,

d. the recycled condensate formed during the production process is
usually collected in a tank at atmospheric pressure; as a result of
this nressure drop which takes place, 10 to 15% of the condensate
turns to steam; this is known as flash steam. In mcst cases this
steam is discharged to the atmosphere, without considering the
possibility of putting it to good use.

e. finally, two technical points about the boiler itself: make sure
that the burner setting is regularly inspected to gquarantee that it

operates with the correct proportion of excess air, Also energy may

be unnecessarily lost if the flye damper does not shut properly when

the boiler is not operating. In Dutch firms it has been extablished
that these combined measures are capable of yielding an average 7%
saving on a factury's total energy consumption. A1}l these
investments have a pay~out time of less than two years,

4.2 Substitute fuels

The most-used fuel in the Netherlands is natural gas (see 3), Plants
generating their own power, which is economically advantageous in view of the
attractive heat-power ratio, use mainly gas engines or gas turbines. Fuel use
depends on regional and economic conditions.

Technically speaking, the textile finishing industry can use every kind of
fuel fit for burning in a boiler or a combimed heat and power plant (coal, oil
Or gas). Using waste as fuel can be interesting. Possibilities are burning
waste timber or other other organic wastes. With current combustion and
gasification technologies waste can be used for energy generation efficiently
and without undue environmental pollution.

Considering the constant demand of textile mills for steam and electricity,
the wind and solar-energy options do not yet appear attractive, economically
Speaking, with the technologies now available.
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4.3 Energy management

An industrial energy conservation programme cannot be launched and duly
controlled unless there is an insight into the erergy use «.f the various
production processes in relation to output volumes. Thi< means one should
monitor energy use frequently by measuring enthalpy, kWh or steam at vital
spots. Experience has shown that such a system does not function unless a
directly responsible person is put in charge. This officer monitors
consumption figures, compares them to the norms indicated in 4.1, and makes
adjustments if needed. These figures will also serve as a basis for making

correct decisions on investment in energy-saving equipiient.

The following example from practice illustrates the importance of having an
energy control system:

Investments in monitoring equipment (US$)

- 6 steam gauge points 13,000
- 2 gas gauge points 1,450
- extra electricity meters 725

15,175

Man-hours spent on energy management (hours per week)

- energy coordinator 1 -2
- manual processing of data 6
7-8
total per year 400

Savings found as compared with previous years:
- fuel 23%
- electricity 7%
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5. Introducing energy nolicies in manufacturing plants; roles of government

and industrx

Whether a specific energy programme can be carried out, depends in general on
a number of factors which come roughly in the following four categories:

a) in-house knowledge of energy use in relation to output,
technological and economic aspects of various conservation and
fuel-substitution technologies.

b) the internal managerial system setting up and carrying out the
energy control system,

c) a measure of certainty about future development of the undertaking
is needed for investment decisions.

d) the financial position on the undertaking and its chances of
borrowing for investment in energy-saving equipment.

Harmonisation and coordination of policies and activities of government, the

undertaking and other parties as to the aspects mentivned under a-d above, can
furnish the needed incentives,
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Table VI below shows how these various aspects can be dealt with:

aspect
government

a. knowledge

b. management

c. firms' prospects

d. fimance

Table VI.

industry

others

- active acquisition of
knowledge, through
government programmes etc

- taking advice from con-
sultancies, contractors
& equipment makers.

- appointing & training
responsible energy coor-
dinmator

- management should include
enerqy policies

- general company planning

~ proper investnent

planning (making cost-
benefit analyses).

Energy policies in industry.
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various forms of
information pro-
grammes (possibly by
sectors).

support and distribu-
tion of knowledge by
demonstration projects
encouraging firms to
apply for external
advice (possibly
through financial
aid)

information

investment subsidies
guarantees

acting as an inter-
mediary between banks
and firms

consultancies
knowledge supply
exchange of know-
ledge (govern-
ments, firms,
countries, inter-
national organis-
ations)
contractors &
equipment makers:
supplying
tecinology and
knowledge.

response by con-
sultances to de-
mand

schools, organis-
ation of energy-
management course:

banks; granting
loans for invest-
ment in energy
conservation.



Although energy prices are the chief incentive for firms to adopt energy
policies, government can play a major stimulating role. It should aim in
particular to make firms energy-minded. It can do so by aranting financial
incentives or promoting research and demonstration projects, and giving
specific information based on such R&D activities.

Considering the homogeneous character of the industry, this had best be done
sector-wise or through homugeneous urit operations.

It is important that firms introduce energy monitoring systems as a tool of
management and ecquaint themselves with energy techiologies.

On the other hand, the consultancies, suppliers of equipment and banks will
have to play an effective role in this market.

International cooperation, e.qg., through exchanges of knowledge, can make a
positive contribution to the entire process.

- 115 -



Appendix 1

The number and conclusions in this paper are based on an energy audit in the
textile-finishing industry by:
- TNO-Vezelinstitut, Schoenmakerstraat 97, 2628 VK DELFT
Netherlands, tel. 015-569330
Authors R.B.M. Holweg and H, Schukking
- krachtwerktuigen, Regentesselaan 2, 3818 HJ Amersoort.
Netherlands, tel.033-17245
Authors: J.A.H. Karsmakers and J. Boer

Appendix 2

The following conversation factors are used:

- L m3 natural gas = 31.7 MJ
- 1 ton-0il-equivlanet (1 toc) = 40300 M)
- 1 kih = 3,6 M3

The energy prices in the Netherlands are (1982)
- 1 m° natural gas =0.16 US §

- 1 kwh = 0.07US $
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NATIONAL USE OF ENERGY 1IN THE TEXTILES INDUSTRY:
"The Colombian Experience"

Hugo Serrano Marino
National Association of Industrialists

of Colombia

1. Colombia was a petroleum exporter for several decades, but it be-
gan to import hydrocarbons at the beginning of the first oil crisis in
1973. It exported a high percentage of its reserves, while prices were
low, and became an importer when they had begun to rise. This situation
led to serious concern regarding the impact of these imports on the coun-
try's balance of foreign trade. Fortunately, the coffee boom, as well as
the exportation of some petroleum derivatives and other items considerabiy
reduced that impact.

Thanks to exploration work, the last few years have seen a reversal in
crude o0il production trends; and there is now hope that the country will

soon become self-sufficient again,

Z. Colomhia could not be said to be facing an energy resource Crisis,
because it has appreciable coal reserves; an immense hydroelectric poten-
tial, of which only 5 per cent is being exploited; significant gas depo-
sists; and very probably some radioactive minerals. Its geographical po-
sition also lends itself to the use of non-conventional energy sources,

especiuily solar energy and biomass.

The critical resource is petroleum, and the search for more proceeds

energetically, especially in promising new zones.

The country's energy problem arises, then, from the quite significant
fact that the use of energy resource is in inverse relation to their avai
lability. that is, consumption of the scarcest resource, petroleum, is
the most common, whereas the most abundant resource satisfies a very mi-
nor part of all needs. Thence the importance of savings, rational use .
and substitution of energy. In some areas the substitution of liquid hy-

drocarbons by gas and coal is accelerating.
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3. Aside from intensified oil exploration activities the country is
currently engaged in two large projects, one of wtiich has to do with lar-
ge-scale coal extraction, especially to satisfy rforeign needs, while the
other hinges on hydroelectric development, the capacity of which should

increase fivefold by the end of this century.

4. Energy policy has concentrated on activating petroleum exploration,
on keeping prices ir line with the tendencies of the world market, and
on substituting coal and natural gas for some of the major sonsumption of

liquid derivatives.

With the assistance of consultants from the Government of Germany, the
country undertook the National Energy Study, the objective of which is
sutmarized in the following words of the Minister of Mines and Energy:
""...it will provide us with a mechanism through which we will bhe able to
simulate different energy alternatives or scenarios along a time-scale
extending to the year 2000. With its help we will be able to analyze the
various segments having to do with the field of energy, dectermine and
study the interactions among them all, gather the criteria necessary for
decision-making, and suggest guidelines and goals aimed at achieving a
rational use of our natural resources and an efficient allocation of our

production factors."

5. With regard to industry, the National Energy Study reports the
following: (M

(1) National Energy Study, pp. 110, 113, 224, 226.
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Industry consumes over 30 percent of total energy and the average annu
al growth rate of consumption was 3.3 per cent between 1970 and 1979,
However, in the case of petroleum, this rate was negative (-2.7%), in con
trast with that of clectricity, which was over 8 per cent per year. Du-
ring the rest of this century, the share of industry is expected to in-
Creasc,

The breakdown of energy demand in the industrial sector is forecasted

as follows for the year 1990: Electricity 18%
Coal 48%
ACPM 12%
Kerosene 2%
Fuel oil 9%
Natural gas 11%

The products whose consumption growth rate will increase are: electri
city (8.5%), coal (6.3%), ACPM (5.2%), and natural gas {5.5%). The de-
Crease is notable in Kerosenc (-0.8%) and fuel oil (-0.2%). These growth
rates will vary according to the context in which the economy and industry
develop.

It is to be hoped that the process of substituting coal and electricity
for petroleum derivates will continue.

"There is little to be said regarding energy conservation, as there is
no adequate information on energy use and the efficiency of each product
in each use. In aggregate caloric terms, without taking these efficien-
cies into consideration, energy demand grows at a yecarly rate of 5.4 per
cent, which is lower than the growth rate of industrial production, a
fact which is reflected both in the caservation motivated by products'
rising prices and in the change in the composition of the demand. For
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example, electricity, which is the most efficient product in most final
uses, will increase its share in total energy from 13 per cent in 1980

to 18 per cent in 1990, and to 20 per cent in the 2000. Coal will go from
42 per cent in 1980 to 48 per cent in 1990, and to 49 per cent by 2000,
and the rest of the energy will be supplied by petroleum derivatives and

natural gas."(1)

This breakdown may vary according to pricing policies, especially those
for petroleum derivatives. This policy is almost the only chance for con
serving and substituting energy through general measures for industry.
Speaking in terms of sectors, five account for 80 per cent of industrial
energy consumption; these were studied by the ENE (petrochemicals, cement,
foods and beverages, iron and steel, paper and pulp) and specific possi-
bilities have been found, which should be stimulated thirough development
credit(2)

0. The industrial sector is increasingly uware of the energy problem,
not only as one notably affecting global economy, but very particularly
one of special relevance to the firms themselves. Two forums that have
been conducted regarding rational energy use in industry have contributed
to this awareness, as well as the literature that production guilds have
distributed on this topic®; the plans that each company has developed and

that other firms have attemped to imitate; and the action of university

(1) ENE, pp. 231

(2) ENE, pp. 656
* Manual for Electricity Savings in Industry' (ISA-ANDI) and "Energy
Management in Industry" (Ministry of Energy of Spain).
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centers acting both in the academic field (energy planning) and in busi-
ness practice (energy balances and energy savings).

7. The foregoing context will enable us to comprehend the Colombian

textile experience.

7.1 The textile sector has been one of the most heavily affected
by the present cconomic crisis. In 1980 there were 500 establishments,
which employed 72,000 people. Their output accounted for 10.2 per cent
of the gross national industrial production; its share in the aggregate
industrial worth was 11.3 per cent, and the sector's electric power con-

sumption represented 13.4 per cent of the total consumption of all indus-
try.

Chart No. 1 summarizes the comparative situation between the years
1974 and 1980 in the different sub-sectors. The figures for the present

crisis are not yet known.

7.2 The National Energy Study has carried out several studies on
specific sectors, including the textile sector,  with the principal preli-
minary findings summarized below. This information is based on a survey
of 16 representative companies from this sector(]).

Average energy consumption was 4.7 Mwh/ton (electrical) and 1.49
TOE/ton (thermal). However, as Chart No. 2 shows, the results vary

(M Kirchenheim, Gerhard von; "Energy Consumption in Colombian Textile
Industry". National Energy Study, Bogotd, D.E., November, 1982
(mimeographed) .
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greatly among groups of firms:

Three groups of firms can be seen: those of group 1, whose avera-
ge indexes arc similar to those of the firms that make up group 3, where-
as the firms of group 2 cannot be compared at all, revealing poor condi-
tions in their installations, or inefficiency in their use of disperse

resources.

The portion of electricity in the sector's energy consumption is si
milar to that of other countries (25%). Coal and fuel oil have a very
high participation, because the two largest firms generate their own elec

tricity using coal, which is an abundant resource of that region.

7.3 In order to be able to cvaluate the average consumption of the
Colombian textile industry, the ENE used the American standards. Accor-
ding to these, average consumption should be 26.6 KWh/Kg, of which 21.5
per cent is clectricity and 78.5 per cent is thermal encrgy. Consequen-
tly, Colombian industry is within the standards proposed for the United

States in the ecnergy efficiency improvement program.

The energy consumption of the firms studied appears in Charts Nos.
3 and 4.

7.4 The ENE has established that the energy conservation poten-
tial of the textile industry is very slight, since the temperature levels
used in its processes arc low. This potential totals 3.7 per cent cf the
total cnergy consumption. Of this sum, 29 per cent is related to recove-
ry of residual energy, 38 per cent to equipment maintenance and replace-
ment, 18 per cent to monitoring of auxiliary equipment, and 15 per cent

to programming of operations.
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Applying different growth rates to the per capita consumption of
textile products and including energy conservation rates, the following
evolution is expected for energy consumption factors in the coming years:

TOE/ton MwWh/ton
1980 1.49 4,74
1985 1.47 4,67
1990 1.46 4.62
1995 1.45 4,58
2000 1.44 4.56

The potential savings calculated by the ENE is 8,140 TOE, for a
textile production of 100,000 tons/year. This savings can be broken down

as follows:

2,280 TOE from equipment replacement and modificaction

1,150 TOE from savings through administrative measures

1,140 TOE from savings in the boilers and auxiliary equipment

1,060 TOE from savings through heat recovered from the condensers
980 TOE from savings through heat reccovered from steam

970 TOE from savings through optimization processes.

8. Taking the foregoing into account, a careful search was made of the
experiences that the principal fimms could offer in this field. After
analyzing the data and cxamples presented, it scemed advisable to divide

the information into two parts:

a) Projects already carried out.

b) Tuture projects.
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8.1 Projects already carried out: These are not far-reaching pro-

jects, nor do they involve spectacular changes. So far small efforts ha-
ve been made, with very good results.

Since they all involve simple things, it would not seem necessary
to go into detail; only the investment costs and the annual savings are
specified. This type of program has been developed in almost all the
larger plants.

A - STEAM

1) Sheathing of Steam Piping (T)

Investment cost US$ 304,570
Yearly savings 326,892
Recovery time 11 months

2) Water and steam loss in cord bleaching * (T)

Investinent cost US$ 950,356
Yearly savings 2,723,682
Recovery time 4.18 months

* It was found that during 32 per cent of the working time of the blea
ching-washing machinez, they were not being used and they had the valves
controlling water and steam flows open, because they were manually contro
lled. The process should be automated.
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3) Water and heat recovery in a scda recovery machine (f).

Investment cost US$ 548,000
Yearly savings 1,200,000
Recovery time 5, 8 months

4) Hot water recovery (F)

a) Thread Dyeing Plant:

Investment Us$ 160,000
Yearly savings 732,000
Recovery time 2.6 months

b) Cooling of compressors:

Investment Us$ 160,000
Yearly savings 800,000
Recovery time 2.4 months

5) Change of steam turbines ()

Investment Us$ 2,400,000
Yearly savings 6,000,000
Recovery time 4.8 months

6) Installation of automatic valves (2 stages) (F)

Investment Us$ 1,850,000
Yearly savings 2,800,000
Recovery time 7.9 months
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7) Modification of the steam-reducing station (F)

Investment uss 30,000
Yearly savings 2,000,000
Recovery time 0.18 months

8) Heat recovery in the bleaching zone (C)

Among the projects carried out in one of the textile companics,
worth mentioning from the standpoint of energy savings in finishing plants,

is the installation of heat recovery equipment for the bleaching zone.

The hot effluents are received at a rate of 1000 GPM, making them
pass through a "Ludell" heat exchanger that transfers heat to clean water
used in scme of the machines involved in this same process. The savings
in steam while using this equipment is some 8,000 pounds of steam per

hour, produced using coal in the steam plant.

In the initial study chat led to the realization of this project,
it was decided to use the drainage from the machines that would produce
the greatest heat, and that would be best located for an economical ins-

tallation. Thus the following urits were chosen:

Chamber No. 1 washer - 170 GPM
Chamber No. 2 washer - 130 GPM
Chamber No. 3 washer - 380 GPM
Mercerizing washer - 80 GPM
Seven J's washer - 490 GPM

With a utilization factor close to 80 per cent, the continuous ef-
fluent of used water averaged out us 1000 GPM, with a temperature of 130°
F.
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It is thereby possible to transfer 9,000,000 Btu/hr. to some 360 GPM of
clean water for consumption in the same bleaching machines. This means
that to provide steam with a total heat of 1170 Btu/1b. and to pass water
with 50 Btu/1b., approximately 8000 1bs/hr. would be required, which is

the anount of the savings.

The cold clean water is gencrally at 82°F, and is heated to 132°F.
Most water drain off has an average temperature of 150°T and leaves the

exchanger at approximately 132°F.

Carrying over this same project to present conditions, the invast-
ment would be some US$ 100,000 (10,000,000 Colombian pesos).  The savings
in Colombian pesos per 8,000 1b/hr. would total 1760 pesos per hour of
operation of this equipment. With a current estimated operation of 3800

hours per year, the teeal savings would be 6,88,000 pesos.,

B - ELECTRICITY

In this ficld the following statistics stand out:

1) Rationing of lighting on holidays and normal days (F)

Investment Us$ 180,000
Yearly savings 6,500,000
Recovery time 0,33 months

2) Lowering lighting levels in offices and service zones (F)

Investment Us§ 120,000
Yearly savings 1,000,000
Recovery time 1.4 months
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3) Modification of lighting in the tire lashing and weaving area

(E)

-The project consisted in reducing the height of the lamps and
changing them from 4 fluorescent tubes to 2, thus increasing the illumi-
nation factor from 70 to 90 per cent and facilitating lighting repairs

and maintenance operations.

Investments Us$ 806,000
Yearly savings 532,075
Recovery time 18.2 months

The manpower required for maintenance was also reduced, as was the
changing of replacement parts, through the elimination of a significant

number of flourescent tubes, ballasta, and bases.

C - AIR

Just changing the valves in the cleaning zones to 1/4" allowed one

compressor to be turned off. (F)

Tnvestment us$ 100,000
Yearly savings 2,000,000
Recovery time 0.6 months

D - FUEL

1) By centralizing steam services and installing an additional

network, it was possible to eliminate boilers that consumed 380,000 ga-

llons of fuel oil. (F)

Investment uss$ 5,000,000
Yearly savings 9,900,000
Recovery time 6.1 months
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As a final note regarding the projects that companies have already
carried out, the following summary of all such projecis to date may prove
worthwhile: (T)

Grand total of investment Us$ 12,815,000
Grand total of savings 45,352,000
Recovery time 3.4 months

8.2 Tuture Projects: Business is fully aware that energy savings

hold vast possibilities for future action and also that the really impor-
tant projects have yet to be carried out. It would tlerefore seem useful
to outline some of the main projects that are being considered, the im-
plementation of which will depend on companies' economic situation and
the support lent by the Government to this type of program.

a) Hot air recovery in output ventilators of finishing plant

machinery (T):

Investment Us$ 16,500,000
Yearly savings 10,300,000
Recovery time 12.3 months

b) Heat recovery in Baghouse stack (1)

¢) Replacement of a 1-stage soda recuperator by a 3-stage one (C)

Investment US$ 8,000,000
Yearly savings 7,800,000
Recovery time 12.3 months
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d) Substitution of boilers, to substitute coal for liquid fuel (C)

Investment o USs$ 60,000,000
Yearly savings 50,000,000
Recovery time 14.4 months

e) Reduction in coal consumption, improving the efficiency of the

thermoelectric plant, by means of the application of eclectronic instru-
ments to control the airflow, the coal input, the fuel oil flow, the to-
tal calories, the dome level, the water flow, the furnace pressure, and
the distribution of the load and fuels. With this system, coal consump-
tion can be reduced by 5 per cent without varying the steam and electri-

city outputs. (C)

Investment US$ 32,000,000
Yearly savings 13,600,000
Recovery time 28 months

f) The new plants are being outfitted with HID (lialide metal)

lighting systema. This change is based on the fact that flourescent lamps

cosl 39.8 per cent more during the first year of oreration.

For an open-end spinning room with a 60 fc level, an area of
15000 square meters and a height of 4.5 meters, this change shouid yield

the following results (C):

Flourescent Lamps (2 X 40w) Us$ 10,688,230
Halide Metal - Direct 400w 7,642,124

g) Another field of action in the area of eclectricity is the sub-

stitution of conventional motors by high-efficiency engines. The largest
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investment that this would imply, in the case of changing a 20 HP-480vV
motor, would be reccovered in approximately 8.5 months. (C)

h) These companies have, among others, studics completed or un-

derway regarding:

= Heat rccovery from effluent waters in various processes (C)

- Application of temperature regulators in various finishing

processes (C).
CONCLUSTONS

a) The Colombian textiles industry is operating within the energy con

sumption standards,

b) Some projects have tsen under developnent that will allow energy

resource savings and casy recovery of investments.

¢) Studies are ready to undertake more grassioots actions in energy
gtvings and conservation. Their completion will depend on the availabili-
ty of companics' cconomic resources and the stimuii granted by the Go-

vernment to this end.
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Table 1

DISTRIBUTION PRODUCT-QUANTITIES & PERCENTAGE OF ENERGY CONSUMPTION BY THE STATISTICALLY
REGISTERED SUBSECTORS OF THE TEXTILE INDUSTRY
(GROUP 321)

1974 1380
Enterprises Production weight % of % of Textiles Enterprises Production Weight % of % of Textiles
t/a all textiles Energy t/d all textiles Energy
Consumption Consumption

321-1 Yarn & Woven

Finished Fabrics 99 46,897 26.3 29.8 123 88,639 61 57.8
321-2 Manufactured

Textile articles

(excent clothing) 29 590 0.45 0.3 45 948 0.65 0.5
321-3 Production of

Knitwear 143 1,306 2] 4.6 172 192,196 13.2 8.8
321-4 Carpets & Tapistry

Production 29 403 0.3 0.3 29 556 0.3 0.4
721-5 Cordage Production 9 980 0.76 0.3 5 1,277 0.88 0.4
721-6 Production of cotton -

& cotton mixed textiles 33 57,246 44 53.7 36 21,790 15 21
321-7 Production of wodl &

woollen mixed textiles 38 3,033 2.3 3.3 18 2,500 1.7 2.8
321-8 Production of fabrics

by synthetic, artificial

& mixed textiles 44 9,260 7.1 7.4 47 9,284 6.3 7.5
321-9 Production of other

textiles N.E.S. 8 407 0.3 0.3 15 9ns 0.79 0.7

321-1 TOTAL 432 129,122 100 100 500 145,062 100 190




TABLE 2

ENERGY CONSUMPTION OF DIFFERENTLY STRUCTURED TEXTILE PLANTS IN THE
TEXTILE INDUSTRY OF coLoOmMBlA

Enterprises Input % of Colombia Energy Consumption Specific Energy Consumption
To/Year Textiles In - ’
dustry
Statistic Assumed Electric Thermic Mwh /to TEP/to
evaluation projection Consumpt, energy (electric) (thermic)

Mwh/year Ttal

Main types of A/B/C/D/E/F 46160 51 32 175835 500,36 3.8 1.34
common textiles

~High quality H 15492 17 .1 11 118278 472 7.6 3.0
\\ﬁFabr‘ics J 7488 8,3 S) 32060 96,2 4.3 1.28
]

All types of G/K/L/M/N/P,Q 8647 9,6 S 42853 91,44 4.6 1.05

L_ight textiles

TOTAL AVERAGE 77787 86,0 54 369030 1160 4,7 1.49

FUENTE : Estudio Nacional de Energfa; Energy Consumption
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TABLE 3
EVALUATED ENERGY CONSUMPTION OF TYPICAL SUBSECTORS IN THE TEXTILE INDUSTRY

Code Input/Dutput Consumed Elec~ Consumed Specific Energy
To/Year tricity Thermal Consumption 7% of Total Textiles Fuel Consumption
Mwh / Year Energy Coal LPG Fuczl
Tcal/Year MWH/To TEP/To Production Ollt
Evaluated Assumed t/a t/a t/a
Integrated
Textile Aa/B/C
Company D/E/F  46.%60 175,835 500,36 3.8 1.34 51 32 18980 56.5 37.68
Large Produ
cers of Faby. H/3 22,980 150,342 568.,2 6.5 2.4 25,4 16 87280 242 3,480
Medium Sized
Producers of
High Quality .
Fabrics K/L 2,115 15,948 23.4 7.5 1.1 2.7 1.4 1800 94 .4 2320
Yarns Produ-=
cer(Spinning) G 984 4.380 - 4.4 - - - - - -
Knit - wear
Producer P/q 2.788 11,605 24,9 4.1 1,12 3.6 1.9 - - 2,534
A1l textile
Operations
(except Knitting M/N 2,760 10,920 43.14 3.9 1,56 3.5 1.9 - 90,8 4,252
Finishing - . -k
(dyeing,Washing E/R 5.156 5.759 55.55 1.11 1.00 _ _ _
thermofixing)
TCTAL 77.787*% 369,030 1160 4.74 1.49 86.,2%¥¥ 53,2 f:o:oso 483.7 D.2R4
L "™Without finishing"
e Without inpul’ of finishers and thetr energy consumpticn, which is included in the energy consumption of the forementiorad
enterprises
ke Based on Dane data annual production by weight

**¥**  Based on Dane date annual consumption of electricity

Source: Esfudio Nacional de Cﬂergza. ]
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Tarte 4

EVALUATED TOTAL ENERGY CONSUMPTION (KWH/KG) IN THE COLOMBIAN TEXTILE MILL~INDUSTRY *

Code KWH/Kg Code KWH/Kg
A Mixed Cotton—-Syntheties Mixed Cotton, Spinning

Spinning, Weaving 12,5 J Weaving Finishing 19,2
=} Knitting Finishing 24,7 K Spinning, Weaving, 26.9

Byeing, Finishing

C " Open-end Spinning" 7.4 L Wopl~-Washing, Woolen

& Mixed Woolen Fabrics 1.2

D Cord & Velvet 23.3 M Weaving, Knitting

Spinning ‘ Dyeing, Printing, Treating 27,7
E Textiles N Spinning, Weaving,

Finishing 22,3 Knitting, Dyeing 14,7

Printing, Rubberizing

F Carpets & Rugs 22,2 P Texturizing, Raschel-
Jacquard—Circular Knitting 14,0
G Spinning Texturizing 4.4 Q Texturizing Circular &
Warp-Knitting 15.4
H Spinning Weaving R Textile Finishing, Dyeing,
Felting, Dyeing Washing Thermofixing 10,7
Fihishing 42,5

Conversion rate : 860 Kecal =3.412 Bty = 1 KWH.
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RATIONAL USE OF ENERGY IN TRANSMISSION AND DISTRIBUTION
OF ELECTRICITY: "The Experience of Costa Rica"

Teofilo de la Torre
Institute of Electricity
Costa Rica

1. INTRODICTION

The rational use of energy in the generation, transmission and distribu-

tion of c¢lectricity should be framed within the economic ardd financial con-

text of the country, its sources of cnergy, and its energy requirements.
Therefore, the present paper will touch upon different topics that can con-

tribute to forming broad criteria as to scopes and limitations.

As a complement, the policies adopted, the work undertaken and the re-
sults obtained in the Costa Rican system of clectricity transmission and

distribution will be commented on.

For many years, the cfficiency of the power systcem was invariable and
went practically unperceived. It was as the energy crisis unleashed in 1973
sharpened, that a need arose to reduce losses, since the energy independence
of any country is closely tied to its cnergy conscrvation policies. Never-
theless, the balance between capital investments and -energy losses continues
to depend on the financial situation of the clectric power companies; on the
philosophy of operation, development and integration in the clectric power
industry; and of course, on the policies dictated by the national planning

and regulation entities.

All of a country's power systems involve four basic areas: generation,
transmission, distribution and utilization of energy. In ecach one ot these
areas, losses occur. This paper concentrates on those corresponding to en-
ergy transportation and distribution. It is worthwhile to note, however,
that the extreme stages, of generation and utilization, occasion appreciable

losses which should also be investigated.

The transmission system losses can be controlled both in the planning
stage as well as during operation, since the voltage levels and the way in
which active and reactive power is dispatched allow for control over the

magnitude of such losses.
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The distribution system is more rigid becausze, since it is basically ra-
dial, the losses depend exclusively on the voitage utilized and on the cir-

cuit load density.

Planning of the power system, by controlling the development of the same
according to anticipated market evolution, on the basis of forecasts for its
futurc behavior, proves to be a fundamental tool in assuring rational usc of
cnergy as well as funding within rcach of the companies, given that it oppor
tunely defines future cxpansions and additions that the systems will be re-
quiring, in keeping with the configuration projected for them individually

and as a whole.

Usually, the degree of coordination among the clectric power companies
of a country, in the ficlds of planning, development and operation, greatly
incluences the rational use of financial resources and cnergy resources in
the systems under their responsability, whose development and operation

should be handled jointly in the scarch for optimal results.

2. THE COUNTRY'S ENERGY SOURCES AND REQUIREMENTS AND THE ELECTRIC POWER
INDUSTRY

a. Geographical Features

Costa Rica is a small country, with almost three million inhabitants
and an arca of 51,000 km?, occupying 9.4% of the Central American terri-
tory. It is basically an isthmus of 240 kms. wide, crossed by an axis
of mountains, overwhelmingly volcanic in the northwest and older, ste-
eper and higher in the southeast. The Central Valley is located at the
point where the two sectors join, and this valley is the site of the

major scttlements.
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In most of the Cesta Rican territory, the rainfall fluctuates betwe
en 3 and 4 meters of annual precipitation. The climate is thercfore
tropical rainy, althcugh certain regional variations occur depending on

influences from altitude and winds,

The castern sector of the central valley drains through the hydro-
graphic system of the Reventazon, whose waters are used to generate a
large part of the country's clectricity. The western scctor drains
through the Virilla and Grande de San Ramon Rivers, which also contrib-

utc to clectric power generation.

In the nerth, the natural lake of Arenal has betome the most volumi
nous reservoir of the country; its waters are utilized both for hydro-
electric generation as well as for irrigation in a vast territory char-

acterized by prolonged, arid summers.

In the south, the Boruca project has made the Rio Grande de Terraba

the foremost source of hydroelectric generation in the country.
It is evident that its geographical conditions guarantee for Costa
Rica an invaluable hydro power potential, which, in a world ncedy in

terms of energy, constitutes an important resource for development.

b. Total cnergy consumption and consumption by sectors

The country's total cnergy consumption in 1981(1) showed strong ex-
ternal dependency by the consumption scctor, since nearly 494% corre-
sponded to hydrocarbons, which had to be imported. Firewood and vege-
table residues accounted for almost 40% and electricity for the remain-
ing 11% of the country's total energy consumption. Currently, electric
ity is 95% hydro-based.

) 1980 Annual Statistics, M%?%ftry of Energy



For conventional sources, this consumption can be divided into 70%

commercial energy and 30% non-commercial.

As for consumption by sectors, "commercial' energy has the follow-

ing breakdown:

Transportation 45%
Industry and Agriculture 36%
Residential and Conmercial  15%
Others 4%
Total 100%

Energy consumption structure by subscctors is as follows:

011 Charcoal, Firewood
Derivatives Electricity & Vegetable Residues
Transportation 99.2 0.2 ---
Industry/Agriculture 47.5 15.3 3
Residential/Commercial 6.8 18.4

In absolute values, we have the following total energy consumption,

in terajoules, by sector and by type of energy:
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(Terajoules)
Rgg;ﬂg?é{g}/ Transportation Ag?ﬁiﬁﬂiiié Others  Total

Electricity 4 307 29 2 520 156 7 072
Liquificd gas 913 105 71 1 087
Gasoline h 803 8 5 811
Kerosene § Jet fucl 699 938 176 1 813
Diesel oil 12 435 1 633 105 14 173
Fue?l oil 5 433 983 6 422
Non-energy 594 594
FFirewood 373 373
Coal 12 12
Firewood 17 400 ‘ 679 18 079
Veg. residues 5 288 _5 788
TOTALS 23 752 19 205 15 852 1 917 60 726
% of Total Encrgy

Consumption 39.1 31.6 26.1 3.2 100
Commercial Energy (70.2%) 42 647
Non-commercial Encrgy (29.8%) 18 079

(2)

COSTA RICA: NET ENERGY CONSUMPTION BY SECTOR AND
TYPE OF ENERGY

Year 1980

c. The country and its CNergy resources

- The hydroclectric resources currvently constitutes the country's main
source of cnergy available and sufficiently developed and quantificd.(z)
Seventy-five projects have been identified (larger than 40 MW), totalling
a theoretically exploitable potential of some 37,000 GWh/ycar, with an
installable power capacity of some 9,000 MW, with an average plant factor
of 0.5. (See figure 1). Currently, only 614% of the identified hydro-

power potential has been tapped.

Ministry of Energy and Mines, Costa Rican Institute of Electriciry and
United Nations "Encrgy Development Alternatives'', January 1981,
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- Another abundant form of encrgy existing in the country -and like
the preceding form, renewable as well- is biomass in general, and fire-
wood in particular. The arca covered hy Jdense forests and medium-dense

forests represents around 109 of the national territory.

Considering first of all firewood utilization at the commercial
level, as a product tied to forestry exploitation, it is estimated that
a volume something over 100 million m3 of firewood could he obtained
from the producing forests, with an average 5 miilion tons of firewood

per year.,

- As for vegetable rosidues, sugar cane bagasse and coffee busks are
both currently used in their entirety. ‘The manual production is betwe-
en 700,000 and 800,000 tons of bagasse und gome 22,000 tons of coffee

s, based on annual sugar cane and coffee production, respectively,
husks, based on annual sugar cane and coffee production, respectivel

- With respect to alceohol, as obtained from different plants and cven
from wood, it is estimated that there is enough land to yield some 400

thousand m> of ualcohol for fucl purposcs, annually.

- As for geothermal energy, to date 54 places of interest have been
identificed, but only the Miravalles Geothermal Project is in an advanced
stage of development, with three wells drilled so far, wherein a poten-
tial of 78 MW has been verified. This could funcion tor a 20-year peri-
od, with a high plant factor. 1t is anticipated that the first 55-MW

unit could be put onstrcam hy 1988.

- With regard to fossil fucls (hydrocarbons and coul), there is cvi-
dence that thesce could exist, although rescrves have not been quantified.
In both cascs, programs ave underway, pgeared to completing the investiga

tions necessary for the due assesment of these resources.
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- With relation to non-conventional sources of energy such as wind
and solar, insufficicnt basic data arc currently available for the
quantification of resources with a certain amount of "educated guess
ing". Somc preliminary evaluations indicate five areas with greater
possibilitics [or tapping the winds of the country; whereas in terms
of solar cnergy, the best conditions appear in the dry Pacific and

Central Valley arcas.

d. Organization of the cnergy scctor

The country has two State agencies to exccute national energy po-
licies: the Costa Rican Institute of Electricity (ICE), in charge of
generating, transmitting and distributing (in part) clectricity
throughout the national territory; and the Costa Rican Petroleum Refin
ery (RECOPE), in charge of importing, refining and distributing oil
and 0il derivatives. The former is an autonoumous State instituticn
and the latter operates as an independent compzny whose stocks are in

the hands of the State.

Both entities are responsible for cvaluating similar resources,
hydroclectric and geothermal in the case of the ICE, and oil and coal
in the casc of RECOPE.

Energy rescarch work is in progress at the two State universities
and at the Technological Institute of Costa Rica (also a State enter-
price), which fundamentally scek the utilization of non-conventional en
ergy (solar and biomass, ctc.) on a small scale for use by househnlds

or small agro-industry.

In addition, there is a ministry in charge of directing energy po-
licy, i.e., the Ministry of Industries, Energy and Mines (MIEM), which,
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through a Sector Division, is responsible for compiling statistics on
energy consumption and for coordinating the sector. With this aim in
mind, a National Program of Energy Planning and Devclopment has been
prepared and is being implemented, with funding and aid from several

intemational institutions.

e. The electric power subsector: its characteristics and organization

The electric power subsector is composed of the ICE, previously de-
scribed, and two municipal companies which gencerate and distribute
their own production, as well as that acquired from the ICE; three rural
distribution cooperatives and a company originally privatly owned with
foreign capital (National Light and Power Company: CNFL), 92.3% of which
now belongs to the ICE and which is in charge of distributing in the
Metropolitan Area, mainly using its own energy and that acquired from
the ICE. The National Interconnected System (SNI) 1inksall of the main
plants with consumption centers throughout the national territory, serv
ing 98% of the country's total consumers. The remaining 2% are served
through small isolated plants, which are mostly thermoelectric. Cur-
rently, 73% of the country's population has clectricity services. The
Second Stage of the National Plan of Rural Electrification is being car
ried out; this will make it possible to extend clectrical services to
settlemerts progressively more removed from urban centers. These rural
services arc being installed according to social criteria; and they are
subsidized by urban consumers, within a State policy to improve the
standard of living of the peasant populations, thus avoiding their migra
tion to the cities. Figure 2 shows the area served by the different
companies in Costa Rica. There is a regulating organization for elec-
tric power power scrvice, known as the National Electricity Service,
whose functions arc, among others, to review and approve electric power

tariffs or rates for all of the country's public enterprises and to
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monitor the quality of electric power services. In general, an attempt
is made thereby to keep the residential consumer tariffs, in the first
block (up to 300 kWh), at lower per-kWh values, thus subsidizing them
from larger consumers whose economic capacity is greater. Likewise,

the tariffs structure tends to decrease the wasteful usc of electricity,

discouraging greater use with ever higher tariffs.

f. Preponderance of hydroelectric generation

The law which established the ICE, in the year 1949, obliges it to
resolve the problems of electricity supplies, with emphasis on the de-
velopment of the hydro power reserves possessed by the country. However,
before the world energy crisis of 1973-74, the most economical kWh was
obtained with a thermal component of rearly 30%, generated in diesel-
type units which used Bunker C for fuel.

The uncertainty observed as of that time, in terms of the cost and
supply of oil derivative fuels, obliged the ICE planning sector to spur
the utilization of the hydroelectric resources, eliminating the use of
thermoelectricity. For this purpose, it was recommended that previous
1y existing hydro power plants be enlarged and that the construction
of the Arenal hydro power station be speeded up, in order to contribute
its pluri-annual flow regulation to the system. The actions would make
it possible to attain a 100% hydro generation for the Interconnected
System as of 1980. It only remains to eliminate a few isolated centers
which will be integrated into the SNI over the next few years; then the
electricity generation of the whole country will be totally free of its
dependence on imported fuels.

Aside from the enormous economic advantage of not depending on im-
ported hydrocarbons for this subsector, the predominance of hydroelec-
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tric plants over thermoelectric ones (which have come to work basically
as reserves) in hydrologically-favourable yecars (with figures higher
than those for the critical values) entails a hydroenergy surplus which

can he cxported to necighboring countries.

g. Unified planning and coordinated Jevelopment for the electric power

subscctor

Planning of both the system of generation as well as the system of
transmission is carried on by the ICE, considering the country as a
whole, i.c., taking into account the neceds of cach geographical region

and the clectric power companies existing in the country.

In order to define the start-up date of the generating plants, one
must part from the market for clectricity, combining all future comsump
tion of the different regions and companics throughout the national ter
ritory which arc integrated into the SNI or which will be joined to

this system within the planning time horizon (usually 15 years).

The foregoing leads us to consider, too, integrated planning for
transmission and distribution grids, independentiy of the scgregation
of the area scrved by cach company.

As a short-range objective, an attempt is being made to unify the
tariff levels so that there will be uniform tariffs throughout the
country, no matter which company is the distributor.

3. THE SYSTEM OF GENERATION

In order to provide a frame of reference for the main topic herein, and

due to the major influcnce exercised by the location of generating sources
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for the transmission system, it is uscful to cxplain briefly the aspects re-
lIated to the system of generation in Costa Rica, without dealing with the
topics of the presentation relative to energy cconomics in generation, since

these lie outside the objectives of the present paper.

a. Sclection criteria

From the list of 75 projects of 40 MY or more, which have been defin
ed in the process of inventorying the hydroclectric resources of the
country, the most suituble ones are being chosen from the stadpoint of
energy costs and energy features in order to meet, as cconomically as
possible, the needs of the clectricity market. From these, the next one
to be constructed must be selected, using the concept of the lowest-cost
alternative (investment, operation and maintenance) by means of an ana-
lysis of present value. Figure 2 shows the current development program

for the National Interconnected System.

b. Composition of the National Interconnected System and Isolated

Centers

The generating plants of Costa Rica are mostly joined in the Nation
al Interconnected System (SNI), which serves 98% of the country's con- .
sumers. The transmission system of 138 and 230 KV serves the economic-
ally more active arcas of the country; and the 34.5-KV distribution
lines cover a good deal of the rest of the country, except for the areas
still served by 13.2-KV lines. In the south of the country, there are
isolated thermoclectric stations with greater capacity: Ciudad Neily,
with 7,000 kW and Palmar, with 3,300 kiW. Other isolated centers are:
Los Chiles, with 450 ki; Upala, with 735 kW; Puerto Jimenez, with 525
kW; Nosara, with 750 kW; and Cahuita, with 450 kW.
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The isolated centers of the southern area will be integrated into
the SNI during 1984, as part of the extension of the interconnected
230-KV lines which in that same year will reach as far as the border
with Panama. Other plants that will be integrated during 1983 and
1984 arc: Cahuita, Upala, Guatoso and Nosara, through the extension
of the 34.5-KV distribution lines. With the aforementioned work, the
electricity generation of Costa Rica, which is currently 99% hydro-
based, will practially hit 100% hydroelectric production as of 1984.

C. Arcas under rescarch and development

As explained previously, the development of the electric power sub
sector in Costa Rica has been based on the increased hydroelectric gen
erating capacity. The elimination of thermoelectric generation has be
en accomplished thanks to the development of Arenal-Corobici hydro pow
er complex with a 330-MW capacity, and an average annual generation of
1500 GWh. In order to avoid the burning of imported fuels in the fu-
turc, the development of the Miravalles geothermal field is being
sounded out. Its technical and economic feasibility is being determin
ed, and there arc plans to install a first 55-MW unit by 1987 and a
second, of equal capacity, by 1991.

The Costa Rican Petroleum Refinery (RECOPE) is parallelly carrying
out oil explorations and investigations of the country's coal potential.
It is known that there arc coal deposits in different places within
Costa Rica, but no detailed assessment of this resource has ever been
undertaken. Should the existence of this resource be shown in suitable
quantities and qualities, the possibility of installing a coal-based
thermoelectric plant could also come to be considered, as a complement

to the run-of-the-river hydro plants which might be built in the future.
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4. THE SYSTEM OF TRANSPORTATION

For Costa Rica, which is characterized by being one of the few countries
still capable of sclf-sufficiency in terms of hydroelectric generation, the
energy transportation system holds special importance, since it is the only
means at their disposal for carrying cnergy from the hydro power stations
to the consumers dispersed throughout the national territory.

Through this system, the Costa Ricans nave an energy alternative that
permits them to maximize the reduction of imported fuel consumption.

It has been necessary, therefore, to guarantce the optimal utilization
of the installations and to minimize losses in transportation, through the
continuous monitoring of the behavior of the system and of the electric

power markets.

It is planned with broad prospects for the future, and periodical adjust
ments are made in order to maintain suitable agreement between the develop-
ment of the work contemplated in the plans and the real needs of the moment.

An attempt is thus made to take the necessary corrective measures to op-
timize the energy supply, in keeping with the apprearance of new loads and
modifying, where necessary, the plans and/or the capacity for transportation

in future lines.

The programs to reinforce and expand the installations, the work relative
to reconstruction and important changes, and the corresponding investment
programs on the wholc obey overall planning that maintains the necessary
parallelism among gencration, transmission and distribution projects.
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In this way it has been possible to operate installations that always
have the flexibility and capacity necessary to attend the load requirements
while maximizing the usc of the cconomic and technical resources at the dis

posal of the companics.
Below arc detailed the cfforts developed in this field:

a. In the ycar 1983 an important stage began in the country's clectric
al development, when the first major Costa Rican effort in this

field crystallized with the start-up of the La Barita Hydroelectric

Plant, with a capacity of 30 megawatts and, with it, the first 138-KV

transmission linc.

At that time, the transmission system was growing slowly, since it
was limited to a scarce set of lines that tied together the main gener
ating plants, in order to transport their energy to the country's most

important substation, located in the metropolitan arca itself.

Despite the hesitant expansion of the National Interconnected Sys-
tem (SNI), it began cmbracing new settlements and incorporating grids
that for ycars had been fed by small isolated generating stations, some

of which were hydro-based, but mostly thermal.

Then in 1964 the SNI included the area of Barranca and Puntarcnas
on the Pacific and ten years later incorporated the Guanacaste region
through transmission lines tying in the Barranca, Cafas (1974) and Gua-
yabal (1978) substations. Similarly, and almost simultancously, the
Atlantic side was incorporated into the SNI, through the line that fe-
eds into the Moin (1976) substation and, along the w.ay, Siquirres (1980).



In the 1970's, the 138-KV transmission system went from 180 kmw. to
600 kmwv. Sce Figure 1.

Up until the year 1979, the transmission system was complemented by
the lines which, at a subtransmission level, fed into and interconnect-
cd with the main substations on the central platcau. As of that date,
there was a ring of 138-KV lines feeding six peripheral substations.
This has not only decongested cnergy transportation in the metropolitan
arca, it has also contributed to a reduction in losscs in the distribu-
tion system. The old subtransmission system has lost its importance
from the standpoint of transmission and has come to form part of the

34.5-KV distribution grid.

As the country's clectricity consumption has grown, there has arisen
a need to develop hydroclectric projects with larger capacities; unfortu
nately thesc have to be located in sites farther and farther away from
the centers of consumption. It has been necessary, therefore, to intro-
duce transmission lines carrying greater voltages, in order to achieve
optimal usc of investments and system operating costs.  Thus, in order
to transport the energy generated at the Arcnal-Corobici complex (situat
ed 170 kms. from the metropolitan arca) and at the same time to hook up
the Costa Rican system with those of its neighbors, a grid has been
designed and is under construction, running along the "backbone' of the
country, with 230-KV lines. To dice, it extends 550 kms, but it will
increase to 750 kms, once the interconnected linc to Panama has been

finished for 1984. (Scc Figure 4),

The interconnection with the Nicaraguan and Honduran systems was
donc temporarily at the level of 138 KW, with a peak capacity of 60 MW
and with very satisfactory results, since it was possible to avoid the
consumption of thermal-based energy in these countries and to substi-

tute it by Costa Rican hydro.
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It is projected to conclude the interconnected line to Panama for
1984. Thus, the systems of Panama, Nicaragua and Honduras would be in
tegrated into one sole system, with an installed capacity totalling
more than 1.5 million kW. It is also planned to interconnect El Salva
dor and Guatemaia, and E1 Salvador and tlonduras. As a result, it is
hoped that by 1985 all of the Central American Isthmus will been com-
pletely integrated in terms of electricity.

At the level of 230 KV, rcactors have been introduced to guarantee
operations free of dangerous voltage cxcesses and bothersome delays
during re-setting and, in addition, to permit efficient control of the

flow of reactives.

Similarly, banks of capacitors have been strategically located in
34.5-KV bars of certain critical substations, in order to control the

transmission system losses.

Designs have also been perfected and attention to the transmission
system has been intensified. By reducing the number of interruptions
in service, the losses which inevitably would arise when recurring to
energy transportation along alternative, longer or more congested routes

can be avoided.

The power transformers are purchased taking into consideration
both investment costs as well as losses produced in the kernel and win
dings, to minimize total costs.

b.  The System of Distribution

Up until the 1960's, electricity distribution was with 2,4,2,4/4
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.16 and 7.6/13.2 KV. Over time, the last voltage range became stand-
ard for urban distribution voltage, and it was expanded in restricted
fashion to certain rural sectors,

Nevertheless, the fact that the loads were remote and disperse,
in a first stage of expansion for the distribution system in the ru-
ral areas (sponsored by AID, with advising from REA, the Rural Elec-
trification Administration), led the country to introduce 14.4/24.9
KV distribution voltages in the year 1965. During this era, distri-
bution at the 19,9/34.5 KV level took its first steps, but it still
required time to mature.

Upon developing the second program of rural electrification, fi
nanced by the IDB, in 1973, the 19.9/34 5KV distribution voltage was
chosen; because by this time, almost ten years after the first project,
the distribution of said voltage proved competitive. Thus, the num-
ber of voltage transformations was reduced when intermediate substa_
tions werc eliminated, These had not only made expansion, operation
and maintenance of the System more expensive; they had made it more
complicated.

Through this program, all of the subtransmission lines that
were operating at this voltage have been incorporated into the dis-
tribution system, Likewise, many of the old distribution lines have
been kept in service. When the conversion to the new voltage was ma-
de, they proved to have ample transmission capacity and low losses for
many years to come,

Residential, agro-industrial and even tourist complexes have been f&d
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satisfactorilyalong the extensive circuits which range between
100 and 150 kms. long.

Figure 2 presents the development experienced by the distribu-
tion system of the country in the 1970's. In this period, the dis-
tribution system's extension tripled by passing from barely 3000 kms.
to almost 9000, of which 3300 kms. have been built with 34.5 KV.

In the metropolitan area, 19.9/34.5-KV distribution has also been
standardized, thereby managing to reduce the number of circuits nece-
ssary to transport the required energy and to cover, to a certain ex-

tent, a larger arca of service for cach substation.

In the most extensive circuits and in those with greater loads,
both at the level of 7,6/13.2 and 19,9/34,5KV, voltage regulatcrs and
capacitors have been installed in order to maintain high, uniform dis-
tribution voltage and in order to guarantee suitable voltage for all
the users and to reduce, insofar as possible, the losses in the primary

feeders.

Three-line secondary distribution at 120/240 ¥W has also been
standardized; and its use has been formented in user installations in
an attempt to maintain greater balance in the load of secondary cir-

cuits and, with it, better supply voltage and fewer losses.

The distribution transformers are purchased on the bas s of econo-
mic considerations; which bear in mind both the investment costs as well
as the effect of cnergy losses during the life span. In addition, the
load is constantly monitored, in order to guarantec optimal utilization
and anticipate replacement in the event of overloads or underutiliza-
tion,
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Public lighting has been nommalized with sodium steam lamps,
since the economy observed has demonstrated the convenience of avoi-

ding the expansion of iliumination with mercury bulbs.

The control of the level of losses is more effective during the
planning stage, Once the lines have been built, it proves more diffi-
cult to justify, in cconomic terms, an increase  in capacity or modi-
fications In configuration. Regulators and capacitors can be added
in order to improve the voltage profile, but the energy losses will
be higher than the optimum from the standpoint of opportunc, effecti-

ve planning,

Also, in this case, the investments in a distribution plant have
covered a greater range of capacity and greater degree of redundance,
although a relation of some 17.5% has been kept between distribution

and overall systenm.
c. The National Interconnected System

In order to avoid the unnecessary use of imported fuels, both at
the level of the ICE (required for the work of its thermal reserve
units) or at the level of industry (as a product of the use of cer-
gency systems), the transmission system has been granted the highest
degree of reliability compatible with the reduceqavailability of fi-
nancial resources. This would avoid, in most cases, total "layouts” and
would confine the effect of inevitable sctbacks to the smallest sector
possible. The diversification of routes for lines, the shutdown of
some rings, and the duplication of some Critical installations have

substantially contributed to maintaining normal operations in the rest



of the system, during simple contingencies in one part of the same.

From the standpoint of cnergy trarspor, lines with ample capacity
have been installed in order to reduce from 5 to 3% the energy wasted

in the high tension conductors.

Anticipating both the start.upof cooperations of the Arcnal-Coro
bici complex with 50% of the country's generating capacity, and the in
terconnections with Honduras, Nicaragua, and eventually Panama, modern
facilities were instailed to centralized and expedite the control of
the system, counting so far on a well established Energy Control Center.
This work has come to substitutea dispatch system that gathered infor-
mation from the generating plants and from some substations by means of
telephone conmunications, making it difficult to handle the information
opportunely under normal conditions, and almost impossible in urgent

casces.

The modern Energy Control Center has an automatic system to moni-
tor, control and acquire data directly from the main substation; and
it controls the main gencrating units, as well as the other seven utili
ties of the country and the production of their major plants. Also, it
has digital programs on linec to simulate normal conditions and abnormal
conditions. [rom this Center the most important work of the 230-kV and
138-KV transmission systems arc controlled, as well as that of the ma
jor 34.5kV distribution grids. In addition to the generating plants,
the Center supervises and controls the active and reactive power and the
voltage at substations and lines, along with frequency, time error and
energy exchange with the systems of ncighboring countries. The Center
is attended by personnel duly trained in handling the electrical system
and in using the modern equipment installed for that purpose.
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In order to achieve reliavility and efficiency in energy transport
to consumption centers, instead of continuing with the expansion of the
overloaded subtransmission System at 34.5 kV, which had been serving the
country's Centrall Valley for a number of vers, 138 KV branch lines were
built to the peak load centers of the same, with 11 substations at this
input tension for an equal number of centers, with a capacity of 30 to
100 MVA each and a ring of 138 kV around the Metropolitan Area, also lo-
cated within the Valley.

The subtransmission system replaced by a study 138 kV- system came
to form part of the 34.5 kv distribution grid of the distributing firms
of the country. That subtransmission, working as distribution feeders
with suitable capacity margins, makes it possible to defer the investment
In expansions of the center substations, since two or three of them are
capable of transporting important loads between centers, in the case of
temporary service shutdowns in one of the substation transformers or in
the case of the temporary breakdown of one of the radial 138-kV lines,

In order to confim the efficiency of the tran mission system, a good
number of kWh meters have been installed at suitable locations at the be-
ginning and end of the high-tension lines, as well as at the entrance and
exit of the power substations.

5. Merits of the conservation policies

In viewing the conservation policies that have been applied in Costa
Rica and keeping them in proportion since it is a small country with very
limited resource it is useful to underscore those that have had more impact.

For this purpose, the behavior of the system over the last few years

will be investigated. Figure 3 presents the annual generation and demand
of the system,
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Figure 4 presents the behavior of system losses at the level of trans

mission and at the level of distribution,

It is useful to recall that the distribution at 19.9/34.5 kV was in-
tensified as of 1975 and that the 138-kV ring of the rnetropolitan area

went onstream in the yecar 1979.

The results obtained are quite noteworthy, taking into account that
the distribution system was expanded from 3000 to 9000 kW between 1970
and 1982 (sec figure 2), and that the load increcased (as can be seen in
Figure 3), while distribution system losses were consistently decreasing

as of 1971, from 15% to 8.06% with a view to 7% in the future.

The results of the cfforts in the areca of energy transmission are
equally important, since losses have managed to drop from values of some
5% to nearly 3%, despite the marked increased cxperienced by the load of
the system (see figure 3.) It can be concluded that the measures adopted

have also becn efficient in the field of energy transmission.

According to the level of gencration achicved in Costa Rica in recent
years (2800 GWwh/ycar), 9% economy of losses, such as that attained in trans
mission and distribution, represents a block of energy of some 250 Gwh/year,
which instead of being dissipated in the conductors can be put to better
use, postponing new generating plants and avoiding the consumption some
65,000 m3 of oil or supplying the needs of new national or international

markets,
Below are presented some policies or provisions that, in our opinion,

have brought about major «ffects on energy conservation in the electric

power system.
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a. Institutional Framework

After the creation of the ICE, and on account of the work that it under
took as the directing entity the efforts made at one time by as many as 40
utilities, spread throughout the national territory, came to be consolida
ted in only 8. This change brought with it an environment propitious for
accomplishing rational management and development of the electric servi-

ces provided in Costa Rica.

Within thesc circumstances and consistent with the national develop-
ment policy it has been possible to undertake tasks such as the following:
geographical projections of the national electricity market, independently
of the arcas of service assigned to each power company; conception,
planning and  overall development, under the responsability of
ICE, of the sources of generation and transmission required by the diffe-

rent centers of consumption; conception and planning, within wuniform cri
teria of the distribution grids required by the country's users; standards
for services and tariff structures uniform for clients of the different po-
wer companies, under the responsibility of the ICE and the country's regu-
lating agency (National Electricity Service); distribution losses; simul-
tancous funding, joint purchases of goods and scrvices, coordinated develop-
ment of the reconstruction, construction and and urban and rural distribu-
tion networks, for the various companies* coordinated plans of operation
for plants, lines. substations and distribution grids. Fach one of these
tasks is executed within the criterion of making the hest possible use of
the available financial resources and the best utilization of the energy

to be transported

t The Transmission System
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The losses in the transmission system were reduced from 5% to values
of around 3% of the energy generated between 1971 and 1981.

In order to reduce transportation losses, the Energy Control Center
keeps the voltage in substation bars and delivery points at 5% above the
rated voltage, through the use of capacitors, capacitive reactance in the
lines, automatic derivation changers in the transformers and self-transfor
mers at the large substations.

Likewise, through suitable equipment, the transmission losses are re
duced by generating power as close to the point of consumption as possi-
ble, and in line with the reactives that the consumers and distributors de
mand, instead of producing that power in the generating plants. Through
fines on account of low power factors and promotional compaigns, the typical
power factors at the points of delivery to the distribution feed lines are
above 97% and those that are recorded at the exit of the generating plants

fluctuate around 100%.
c.- The Distribution System
The conversion of voltages and the expansion of the distribution sys-
tem to the level of 19.9/34.5kV is the factor that has most influenced the
reduction in losses demonstrated by the Costa Rican system in recent years.
The use of low-loss transformers and voltage regulators and capacitors,
in order to maintain a high, uniform voltage in the primary feeders, also

assures a notable reduction in losses.

The opportune, solidly-grounded planning of the distribution system
has made a positive contribution to energy conservation.
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d. The Consumption Sector

In order to make efficient use of the power system, mechanisms are
available to contribute indirectly to improvements in the load factor,

Thus, tariffs have been established to favor those whose work sche-

dules fall outside peak hours.

Also, bonuses have been granted through special rates to those seaso-
nal industries that preferably work during the rainy season, when energy
production takes place in the plants closest to thc centers of consumption.

Furthermore, preferential tariffs have been implemented for industrial
heating outside peak hours, sceking to avoid the importation of fuel and

to make better use of the transmission systen.

For those consumers with few resources, there are rates geared to fos-

tering the cfficient use of cnergy in the residential sector.

Moreover, there arc advisory units for the users, which are dedicated
to disseminating effective energy-savings practices through the use of co-
mmon equipment and tools, through the correction of the power factor, and
through the use of special tariffs.

Due to the reduced demand of the current market and limitations of an
economic nature, mechanisms have not been set into motion for managing loads;
nevertheless, with the aforementioned measures, certain advances are being

made in this regard.
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6, CONCLUSIONS AND RECOMMENDATTIONS

1. Notwithstanding the fact that the attention oi the country has been pri
marly concentrated on the optimal use of its reservoirs for hydroelectric
generation, the Costa Rican experience has demonstrated that rational use
of energy in the transmission and distribution of clectricity can and should

be a reality.

2. In order to guarantec the optimum utilization of the power system and

in order to minimize transportation losses, it has been proven that it is
uscful to have an entity at the national level in charge of conceiving, pla-
nning and developing the sources to generate electricity and in charge of the
transmission system, so that it can be the guide in the area of distribution
grids and at the same time spur the execution and joint financing of new

projects in this field.

3. The maintenance of high voltages within permissible 1imits, and the ge-
neration of the necessary reactives as close as possible to the centers of
consumption, can contribute to avoiding waste in cnergy transportation;
furthermore, the addition of lines with ample capacity geared to decongesting
energy transport, has proven to be a contribution towards substantial reduc-

tion in losses.

4. In the ficld of distribution, it has been proven that the level of
19.9/34.5kV voltage not only avoids intemmcdiate transmission stages but
also permits the coverage of more extensive arcas of service and apprecia-
ble reductions in losses. The use of low-loss transformers and voltage re-
gulators and capacitors has also contributed to achieving more efficiency

in this area.
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5. The management of loads through indirect policies such as preferential
rates outside of peak hours has had a positive influence on certain indus-

trial sectors.

6. Even in systems with substantially hydro-based clectric power genera-
tion, such as that of Costa Rica, the savings in transmission and distri-
bution losses represents an important amount of energy, which makes it

possible to defer the installation of a new power plant or to carn impor-
tant sums of annual revenues from the exportation of that same energy to

the markets of neighboring countries.
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Rational Use of Energy and 0il-Substitution with
Particular Emphasis on Electric Energy in the

Federal Republic of Germany

Dipl.-Ing. (FH) Siegfried Schindler

Manager Nuclear Engineering and Sales Department
Kraftwerk Union AG

Erlangen, Federal Republic of Germany

1. Introductior

It would be like carrying coal to Newcastle to want to explain in this circle
the reasons why all nations of the world are urged to aim their energy policy
at the principle which is already indicated in the topic on which I should
like to make a few remarks, namely:

Economical and rational use of energy and oil substitution in electricity
generation and consumption,

I am most grateful to the organizers and especially to OLADE for being
permitted to report today on the experience of the Federal Republic of Germany
in this field. On the basis of this specific experience I shall attempt to
demonstrate that it has been possible to achieve remarkable successes in our
efforts to utilize primary energy rationally, also in the electricity
generating sector and that, furthermore, even today there are many
technologically matured possibilities for advancing us a good deal further
along the path which we have taken.

Consideration of the present correlation between non-renewable energy reserves
and their exploitation worldwide (Fig. 1) reveals a distinct disproportion in
the percentage figures. The current preference for mineral oil and natural
gas bears no relationship to the structure of their reserves. Coal and
nuclear power are the important energy sources of the future.

When we speak of German experience, we must of course be fully aware that
these relate to the specific conditions of an industrialized nation which has
been transformed over the period under consideration from a country
independent of energy imports, i.e. self sufficient, into a country which
imports roughly 50% of the primary enmergy sources used.
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Thus the knowledge gained and consequences drawn cannot of course be applied
to other countries and regions without qualification. I am, nevertheless,
optimistic enough to maintain that an optimum energy strategy which not only
helps the individual nation but also will enable sparing use of the finite
energy reserves of the Earth ultimately on a worldwide basis, can be found for
any national economy provided that there is a sufficient input of
technological knowhow, understanding for national economic interrelationships,

well-considered investment and motivation of the people involved.

2. The Energy Situation of the Federal Republic of Germany

The primary energy consumption of the Federal Republic of Germany is about 400
million tonnes CE. Figure 2 shows the 1979 fi.nres for energy flow in final
energy and useful energy. The corresponding figure for primary energy was
about. 370 million tonnes CE in 1982. The relationship between the figures on
the diagram remains almost unchanged. The drop in consumption towards 1979 is
in essence qoverned by 4 factors:

-  FEconomic recession

- Mild weather in the winter past

- Structural changes in a number of energy-intensive branches of
industry

- Energy saving

Figure 3 demonstrates why mild weather, for example, can significantly affect
the energy balance:

Of the final enmergy consumption amounting to approx. 270 million tonnes CE the
lion's share, namely 73%, devolves upon the heating sector in the form of
process heat and space heating. The remaining 27% are used for power and
lighting application. Thus it is logical that in Germany even the short and
medium-term energy saving capacity in the heating sector is considered to be
favourable.

Please allow me to present you a further comparison of facts and figures:
(Fig.s).

In 1981 approx. 370 million tonnes CE were cunsumed in the Federal Republic of
Germany of which 43% took the form of imported mineral oil and constituted a
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burden of about 70,000 million DM on the German balance of foreign exchange
payments. The corresponding figures for 1973 are:

About 340 million tonnes CE of which imported mineral o0il made up 52%
entailing foreign exchange payments of 15,000 million DM.

What do these figures tell us?

Firstly, energy consumption growth rates, which were 4.8%p.a. between 1960 and
1970, have slowed down appreciably since 1973,

Secondly, the percentage share and absolute quantity of imported o0il have
decreased significantly.

Thirdly, the oil import bill of the Federal Republic of Cermany nnnetheless
rose by a factor of nearly 5 aver this period.

Similar conclusions can no doubt be drawn for any other oil importing nation.
Even a simple comparison of this nature makes it clear to us how great the
effect of developments on the world oil market has been on the world economy.
However, it must be pointed out that Germany was in a comfortable starting
position compared with other countries in 1973 when the world energy market
called for rapid and efficient adaptation of the individual national economies
under almost dramatic conditions. I should like to back up this statement
with the following theses:

(1) Since the start of its industrialization in the last century Germany has
been a nation of high energy costs. Domestic hard coal, which was the
mainstay of the energy supply up to the advance of cheap mineral oil in the
sixties, has to be mined at high cost in geologically difficult deposits.

High energy costs have favoured the invention and introduction of
energy-saving technologies. Figure 5 shows the development of the specific
energy input of German industry for a product value of 100 DM. It is apparent
that the downward trend is almost uniform and flattens out only recently. The
significance of electricity rises in proportion to the supplantation of fossil
final energy. This desirable development is considered in greater depth in
the following section. Furthermore, it may be seen from this diagram that a
rising electricity consumption may, under very specific conditions, be a
suitable means of reducing the specific primary energy consumption. Figure 6
shows an international comparison of developments between 1973 and 197s. Here
it becomes clear that the Furopean nations fare well in comparison with the

USA, for instance, and this is particularly true of Germany.
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(2) Flexibility of the "energy consumption system" as a whole was guaranteed
by a maximum of "free market forces" and a minimum of administration.
Experience has taught us that the necessary adaptations of the past decades
were accomplished well largely by reliance upon the Tnrces of the free market
economy in Germany which, for example, can also be corroborated by a
comparison of the present position of the German industry, with the
international market. Administrative interference which gererally cause
controls, monitoring and administrative effort and frequently lead to
ponderousness instead of effectiveness were kept to a minimum. Thus, for
instance, unhindered supplantation of domestic coal by cheap mineral oil in
the years up to 1973, which purely according to the rules of the marketplace
could well have been possible because of their prices, was restricted by
statutory measures since domestic resources were to be retained for political

and strategic reasons.

In some of the previous diagrams I have attempted to show the organisation of
energy flows in the Federal Republic of Germany. Let us now take a look at
the development of the shares of the individual primary energy resources.
Figure 7 shows the figures of the official 1981 energy program of the Federal

Government.

The target of reducing the oil share to about 1/3 may be achieved in essence
by taking 3 measures:

-~  Further improvement of enmergy utilization. It appears possible to
lower the ratio of energy consumption increase to gross national
procuct growth from 0.8 (average for 1965 - 1980) to 0.5 hy the end
of the century, i.e. only 1/2% rise in enerqgy consumption for every
1% increase in gross national sroduct.

- Raising the share of nuclear power, especially in base load
generation, to 17% of the primary enmergy input.

- Continuous raising of the share of hard coal; this entails
considering the import of coal once the domestic mining capacity has
been exhausted. Hydroelectric power and German lignite are to be
used to the maximum possible extent. The same applies to natural
gas with new supply contracts with the USSR serving as the primary
substitute for contracts which are coming to an end.
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In similar form, Figure 8 shows the development of final energy consumption
with the forecast figures in turn portraying the scenaric.

Electric emergy has increased its share amongst the final enerqgy forms
impressively; this is explained by the fact that it is a clean, economical,
unproblematic and versatile medium. Let me remind you of the graph shown in

Figure 5 which underlines this statement.

Let us now turn to the question of which primary energy sources were in the
past and will in the next few decades he of significance in Germany in the
generation of this final energy form which is so convenient for the user.
Thus I come to the 3rd section of my talk:

3. Electricity Energy in the Federal Republic of Germany

Figure 9 emphasizes one of the statements made in the preceding section:

The self-sufficiency of the Federal Republic mentioned there with respect to
primary energy until well into the Fifties is, of course, reflected in the
domirance of coal in the electricity generating sector.

Just as mineral oil gradually captured the heating market in the Federal
Republic by virtue of its low price, as well as leading in the transport
sector, it gained ground in the electricity generating field and peaked out in
the early Seventies.

The future trend is clearly discernible even if the figures will in detail be
subject to certain modifications - as in the forecast of the 3rd update of
1981, Medium variant, of the Frnergy Program of the Federal Republic; this is
in particular to be expected with the figures for gross electric generation
which are stronaly affected by industrial demand.

However, the latest figures for 1982 (Fig. 2) confirm that developments are
going in the right direction in that the percentage shares of heavy oil and

natural gas have already dropped further than estimated in the Energy Program:

Heavy o0il in 1982 already below 3%
Natural gas below 10%
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This success was made possible by the considerable increase in the shares of
nuclear energy and lignite. The role of nuclear energy warrants special
mention in that 10,360 MW installed capacity, i.e. approximately 14% of the
total public capacity of 74,900 MW, already generated almost 21% of the gross
generation. The pr' ...Jition for such operating results are high reliability
and availability of nuclear pewer plants which render possible the use of
nuclear plants at full power in the base load range right around the clock.

I should like to make a few more remarks on this point:

In a system comprising power plants using different primary enerqgy forms and
having various unit capacities, base load is usually generated by the plants
with the lowest power generating costs. These are qgenerally those plants in
which the share of fuel costs in the generating costs are lowest, i.e. in
Germany hydropower, lignite and nuclear power. Figure 11 shows the load
diagram for the year 1980 from which it becomes apparent that the principle
mentioned has not yet heen adequately realized in Germany. Hard coal-fired
power stations are still being employed in the base load range in spite of
their high fuel costs. The electricity generating structure desirable for the
Federal Republic of Germany involving hydropower, nuclear power and lignite
for base load generation, hard coal for the mid-range and gas and o0il for peak
load is shown in Figure 12 as the specified objective for the turn of the
century.

Of the additional nuclear capacity necessary for this nurpose units of about
14 GW are already in construction with the commissioning dates planned for
within the next 7 years.

Following on from the consideration of the shares of the various primary
energies in power generation I should now like to direct your attention
briefly to the distribution and use structures although I do not wish to
discuss in detail a complicated representation such as Figure 13 - the
electricity flowchart of the Federal Republic of Germany in 1981. A few
comments shall suffice:
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- The share of industrial generation is about 17% of total generation;

- About 1/3rd of industrial generation is fed into the public grid,
2/3rds are consumed in industry directly;

- The predominant share of industrial consumption is drawn from the
public grid;

- Of the industrial customers the chemicals industry is the main
consumer;

~ Household, trade, traffic, agriculture, etc. now consume more
electricity from public generating stations in Germany than industry;

- Intermal consumption by nower plants and transmission losses have
been minimized in the course of time.

I should like to take this last remark as the introductior to the next section:

4, Energy Savings and Substitution of Fossil Fuels

Let us first consider the electricity sector. Savings can in this instance be
achieved in the fields of:

- Generation
- Distribution
- Consumption

I should like to show you the development in power generating éfficiency in
Germany in the next diagram (Fig. 14). The major successes in the effort to
use energy rationally were achieved well before the period of high oil prices;
this underlines the statement in Section 2 on Germany's traditionally high
energy costs. This development, as far as the average efficiency of all
plants operating on the interconnected grid is concerned, has come to its
final conclusion since an increase above the value achieved of 37,5% is
impossible because of the increased use of nuclear power plants.

What are the engineering measures which have in the past brought about this
remarkable reduction in specific energy input?
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The following pcints are worthy of mention, in particular:

(1) Discontinuation of the "range system" in favour of the straight "unit
configuration", i.e. instead of several bnilers operating on common steam
headers, even in some cases at different pressure levels, feeding to a number

of turbines, one boiler is paired with one boiler.

(2) Raising of the main steam pressure to between 125 and 180 bar and

introduction of reheat.
(3) Increase in unit capacities.

(4) Improvements in materials technology, especially in boiler construction,
to allow main steam and reheat temperatures of up to 538°C.

(5) Introduction of the forced-circulation boiler and of variable pressure
operation entailing significant reduction in start-up and shut-down losses and

low-load losses.

(6) Improvements in burner and combustion technology, control loops, etc.

resulting in improved boiler efficiencies.

(7) Increased sophistication in the arrangement of the water/steam cycle,
e.g. larger numbers of regenerative feed heating stages, improved terminal
temperature differences of heat exchangers, reduction of pressure losses in

piping, etc.

(8) New power plant concepts such as combined-cycle gas and steam turbine
plants and combined heat and power.

Please allow me to expand upon the last point with a few examples:

The power generating efficiencies of conventional stations lie between 30 and
40% depending on steam conditions, circulating water temperature and
arrangement (Fig. 15). Process heat or heating steam can be generated at
about 60 - 65% by combustion of fossil fuels. The combination of both in
backpressure plants or in extraction rondensing turbines enables primary
energy utilization of up to and over 80%. Typical example configurations are
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shown in Figures 15 and 16. Figure 17 shows a comparison of the typical
energy flowcharts with complete utilization of exhaust heat assumed in the
instance of the backpressure variant (left-hand variant).

On the subject of combined-cycle gas and steam turbine plants I should like to
describe two developments which are now certainly considered worldwide to be
the most widespread plant types: (Fig. 18)

Marked as type "A" on this diagram is a conventional fossil-fired steam power
plant equipped with a topping gas turbine. The gas turbine exhaust gases
contain sufficient oxygen to serve as combustion air for the steam boiler.
Thus the reject heat of the gas turbine process can be used down to the vent
air temperature which is governed by the dewpoint, i.e. between 130 and
150°¢.,

The last-named principle also qoverns the arrangement of type "B". In this
instance the reject heat of one or more gas turbines is used to generate steam
without supplementary combustion of fossil fuels.

Both alternatives possess advantages and disadvantages in direct comparison
with one another. What they have in common, however, is that they present a
significant impravement in primary energy utilization by comparison with
conventional steam power plants. Figure 19 shows that type "A" excels in its
almost constant high plant efficiency between full load and approximately 50%
load while with type "B" a high full-load efficiency can be achiev~d and,
where several gas turbines are installed, considerable improvements over
normal steam power plants are possible even at part load by shutting down
individual generating units. Other advantages of type "B" are its short
construction time and low investment costs.

Positive operating experience is available both in Germany and worldwide for
both plant types. Development projects are in progress in Germany and other
countries to use gas from coal gasification plants in combined-cycle plants to
reduce the combustion of valuable natural gas and oil distillates.
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New power plant concepts and new technologies are at present being studied
with the aid of the Federal Government also with a view to the serious
problems of environmental pollution: one of these projects is a prototype
power plant which recently went into operation in Vélklingen (Fig. 20).

In this plant, a number of new technologies are being combined and tried out

on a commercial scale, e.g.:

- Combined gas and steam cycle;

- Fluidized-bed combustion of high inerts coal which preheats the
combustion air to the gas turbine;

- Flue gas desulphurization system located in the cooling tower;

- lLow-temperature heat utilization for district heating.

The efficiency of the plant is to be over 39%.

Secondly The losses incurred in the transmission and distribution of
electricity were also reouced in recent years. As Figure 21 shows, the
savings achieved in the last few years were not as great as those of the

Fifties and Sixties,

The following measures contributed to the reduction of losses on the

geographically small and densely interconnected grid in Germany:

- Increased line cross-sections;

- More interconnection;

- Construction of new powerplants closer to consumer centres;

- Transition to higher transmission voltages (380 kV in addition to
110 and 220 kV);

- Dropping of intermediate voltages;

- Installation of fully enclosed switchgear which enabled transmission
at high voltages into consumer centres.

It was not possible significantly to reduce losses further in spite of
continued increased in the capacity of grid installations. We must accept
that with losses of about 5% on the German interconnected grid a
technical/economic 1limit has been reached.
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Thirdly There is no "ingenious" answer to the problem of reducing
electricity consumption that would afford major economies with, as it were, a

single stroke of the pen.

Indeed, we consider this problem to be a challenge to the engineer to attain
measurable results by means of a multitude of improvements to be gradually

implemented in all areas of the use of electricity.

In this field, electronics will play a key role in future in optimum process
control. Indeed there are estimates which anticipate energy savings of about
15% from the expedient use of electronic controls. One example may serve to

illustrate this:
Most energy and electricity consuming plants operate at variable load.

Savings can be made by controlling energy input as a function of load or
production capacity. Pumps, compressors, fans, etc. mostly operate on the
throttling principle (Fig. 22). A desired reduction in mass flow by 20%, for
example, can be effected either by means of a throttle valve or by a change in
speed. In the first instance the energy consumption of the motor is about
90%, with electronic speed control the power requirement could be reduced to
about 58% of this value; thus electronic speed control saves approximately 42%
electric enerqy.

Another example:

Electric railways are frequently still equipped with braking resistors which
convert kinetic energy into heat which is then dissipated into the environment
via the engine roof. New developments in locomotives and underground trains
enable feedback of braking energy into the grid. The reqgenerative brake
permits electricity savings of between 20 and 30% in particular in suburban
service systems with high top speeds and short distances between stops.

Let me now leave the subject of the application of electric energy and say a
few words on energy saving in the traffic and heating sectors.

- In the Federal Republic approx. 25% of the mineral oil used is
consumed by road vehicles.
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- Even consumption decreases of only a few percent would bring about
noteworthy savings in petroleum products in terms of absolute
guantities. Here as well, electronics and microelectronizs can
already help. Electronic ignition, electronic ignition timing,
electronically controlled fuel injection are just a few key words.
The savings potential of these measures alone is estimated at about
15 to 25%.

- More than one third of final energy in the Federal Republic of
Germany is used for heating purposes (Fig. 3). Improved thermal
insulation of residential and office buildings opens up a brecad
field of possible savings. On the one hand, continued extension of
district heating systems entails benefits through the principle of
combined heat and power and hence through higher efficiency of heat
generation, on the other hand, this is a proven method of replacing
imported oil with domestic coal or even in future with reject heat
from nuclear power plants.

- Since about 76% of the finmal energy consumption of industry is
required in the form of process heat, this area affords, of course,

the broadest scope for pnssible savings, especially through:

~ Direct utilization of reject heat as process heat;
- Utilization of reject heat for space heating;
- Generation of mechanical and electric energy from reject heat;

- Heat recovery by means of heat pumps.

- This conference features many lectures on the special possibilities
of rational use of energy in various branches of industry; T shall

therefore confine myself to the key words mentioned.

Finally, please allow me to summarize the experience and planned objectives of

the Federal Republic of Germany on the subject of my statements:

- Electricity, by virtue of its versatility, is a final energy form
whose significance will further increase in the future. It will
further penetrate the traffic and heating sectors. In principle, it
affords further possibilities for rational energy utilization and a
broad spectrum for the substitution of fossil fuels generally and of

petroleum products in particular.
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- Fossil energy resources are spared by the ircreased utiiization of
nuclear energy in the form of light water reactors and by the
systematic development of new reactor types such as the fast breeder
and high temperature reactor.

- MNuclear process heat may in the future lead to low-price products
and economic coal utilization in the important field of coal
gasification and liquefaction.

- Additive energies such as solar, wind or biomass will not be able to
provide a significant contribution to the energy supply in Germany
in the next 20 Jears. Nevertheless the development of these
technologies in the industrialized nations must be Turther advanced
in the interests of user nations in which other conditions with
regard to climate, grography and "energy flux" prevail.

- The objective of reducing the mineral oil consumption of the Federal
Republic to half of the level of 1980, that is tn about 150 million
tonnes CE, by the year 2000 appears achievahle through consistent
utilization of the potentials of:

- Energy saving;

- Direct substitution with coal;

- Coal conversion;

- Extension of district heating;

- FElectrical heating systems and heat pumps;
- Electricity in the traffic sector;

~ Additive erergies.

5. Applicatior: of the Findings Presented to Other Countries

If the question were to be raised as to the benefits which other countries in
other regions of the world might draw from the German, or rather European,
experience and developments of tihe last few decades, the answer might be as
follows:

1. Two aids are available for the rational and economic use of energy

reserves. On the one hand, inventiveness, i.e. fantasy and intelligence, on
the other, capital, i.e. investment.
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2. All energy saving measures need to be optimized (Fig. 23). Falling
energy costs generally mean rising capital costs. Every "energy system" needs
to find the system's cost minimum no matter whether it is the energy economy
of an industrial plant or of an entire national economy. Tne inherent laws
can be transferred, and mathematical models have been developed which, with
allowance for the decisive boundary conditions being made, can assist in

finding the optimum system organisation.

The Federal Government, state res:arch institutes, universities and industry

are prepared to make these existing tools available to other countries.

3. Competition between the individual primary energy forms cannot but serve

the purpose of finding the optimum energy mix for the individual application.
In the long term, humanity, cannot afford to ignore any usable energy source.

4, Mono-energy systems are a danger tou every national economy. The
challenge is to find thc best possible diversification.

5. Changes and adaptation processes in energy systems take place over long
periods of time. All those who have to take and enforce decisions in this
field should plan for the long term and follow paths which have been adjudged
correct through to the bitter end without regard for the upheavals of
day-to-day politics.
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Rational Use of Fnergy in Electricity Production - Energy Consumption

in Industry: "Synopsis of £l Salvador"

Francisco E. Granadino

Executive Director

Hydroelectric Lempa River Executive Commission (CEL)
El Salvador

1. INTRODUCTION

Central America is a region whosz natural energy resources are limited
to a few sources of primary energy such as organic, hydraulic, geothermal and

hydrocarbon resources.

When the word "Erergy" is mentioned, it is usually associated with the
concept of electricity whion is, in reality, the byproduct of a transformation
of primary enerqy; and thus, it is termed secondary energy and utilized as

such for human consumption.

El Saivador with an area equivalent to 5% of that of Central America,
and a population approx.mately 25% of the total population of the region,
holds a prominent place as a producer of electric power with a combination of
hydroelectric, conventional steam, gas turbine and geothermal power plants and
a transmission system forming a grid providing a reliable supply of
electricity, a very important componecnt in the economic and social development

of the country.

The use o7 electricity was initiated in E1 Salvador at the beginning of
the present century; first, in the residential sector; later, in the
commercial sector; and finallv, in the industrial sector. It was produced in
small gasoline or diesel plants; as demand increased the alternative of
commercial exploitation through small private enterprises was considered as
small hydroelectric and thermal plants were built without any thought to

demand projections.
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THE ELECTRIC POWER MARKET

2.1 Institutional Development

The technological development following the Second World War made
its impact in El Salvador and brought about industrial development
which, aaded to the population increase and the reduced size of its
territory, resulted in demands for electricity which could not be

met with the yenerating means available in tihe 40's,

The uncontrolled increase in demand, and the inadequacy of the
private cnterprises to meet it, urged the creation of the Lempa
River Executive Hydrcelectric Commission (CEL) by legislative decree
in 1948 as an Autoncmous Public Service Agency tc solve the problem
of the supply of electricity required by El Salvador's economic and

social davelopmert.

With the commissioring in June 1954 of the first unit with a
capacity of 15 MW for the "5 de Noviembre" Hydroelectric Plant, the
first hydropower development by CEL, a new era was initiated in El
Salvador in which the existing restrictions to the use of electric

power disappeared.

To date CEl. has a hydrothermal generating system composed of modern
power plants with an installed capacity for 455 MW which meets the
demand of much of the national electricity market; this system

supplies 90% of the national power demand.

In the year 1981, CEL's organic law was modified by Executive Decree
to incorporate the following within its objectives: "to develop,
preserve, adrinister and utilize the eneryy resources of E1

Salvador",

Within those objectives, CEL, as the entity responsible for the
electric power sector, set the following policies:

- Tu undertdke demand projections and system planning so that the

electricity supply will anticipate thke demand;
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2.2

2.3

- To utilize in a rational way the existing natural resources for
electricity generation;

- To study and proinote measures for the rational use of energy by
consumers;

- To maintain an on-going programme of research on
non-conventional sources of energ

- to make ralional use of the external and internal sources of

fimancing.

Demand Development

An acute shortage of electricity existed in £1 Salvador prior to
CEl.'s initial operations in June 1954. By the middle of this
century, the installed capacity in E1 Salvador was 33 M{ of which
50% was supplied by private utilicies and the other 50% by 200 small
plants used in the industrial sector.

With the availability of an unrestricted supply of electricity, the
demand increased rapidly in the first years, reaching an historic
increase in both power and energy of 10.5% annually, that is, they
coubled every 7 years. For the purpose of demand projections,
transmission and distribution losses are estimated as 15% of net
generation, while the maximum demand of the systems is determined by
applying a constant load factor of 0.57 to the net generation
projections. figure I indicates demand and installed capacity for
1954,

Demand Composition: Percentage-wise

The magnitude of consumption requirements has cnanged since the
start of electricity generation by CEL, with the industrial sector
always leading in the demand for energy followed by the residential,
commercial and government sectors, in that order.



Tne following table shows the evclution of the breakdown of demand

in percentages:

1977 1981
Industrial 45,.5% 466.1 Gwh 38.9 %
Residential 26.6 383.1 31.9
Commercial 13.5 165.0 13.8
Government 14.7 185.4 15.4

100.0 1,199.6 100.0

3. ELECTRICITY GENERATION IN EL SALVADOR

3.1 Hydroelectricity

With the aim of developing, preserving, administering and utilizing
the resources capable of electricity genmeration in £1 Salvador, CEL
policy wus oriented to the exploitation of its natural resources;
and it was precisely for this reason that the institution was named
as an Executive Commission to exploit the hydroelectric potential of

the Lempa River for the benefit of the country.

The Lempa River, the laryest river in Central America on the Pacific
side, has the greatest hydroelectric potential in El Salvador with
an international basin of 20,000 square kilometers, half of it in El

Salvador.

The exploitation of its hydroclectric potential was planned from the
start through a series of cascade projects (see Figure III) for a
total of 1,404 MW of power and 4,499 Gwh of mean energy, of which
232 MW of installed capacity and 1,132 Gwh of mean energy have been
developed, 17.2% and 26.3% respectively, of its total potential.
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The hydroelectric projects in the Lempa River current are as follows:

TOTAL MW CURRENT Mi YEAR Gwh/YEAR
Guajoyo *15 *15 1963 *54
Zapotillo 120 - - 422
Paso del Uso 40 - - 152
Cerron Grande 270 135 1977 515
5 de Noviembre 202 82 1954 762
El Tigre 540 - - 1,718
San Lorenzo 180 **180 1983 722
San Marcos 52 - - 208
1,404 Mw 232 Mw 4,499

* Lancelled when Zapotillo is in operation

** Lempa River Developrent: 30.5% of power and 43.1% of energy when San
Lorenzo is in operation.

Most of the rivers in El Salvador have small volumens with flows of
less than one cubic meter during the rainy season and no flow at all
during the dry seson. The larger rivers are a source of additional
hydroelectric potential for the Lempa River.

The available hydroelectric potentiul is as follows:

Lempa River 1,404 MW
Rivers with permanent flow 6U Ml
Lakes (Ilopango, Olomega) 45 MW
Rainy season rivers 43 MW

1,552 Mu

3.2 Thermoelectricity

In order to meet the market's increasing demand, conventional
thermal plants were incorporated into the planning of CEL's
electrical systems to back-up hydropower genmeration rdue to the
irregulsar hydrology of the Lempa River basin, thus reaching 128.2 KwW
as follows:
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St.eam Power Plant 63 MW 1966 ~ 1969
Gas Turbine Power Plant 65.2 MW 1972 - 1973

The addition of the thermal plants to the system was totally

Jjustified then as the best technical and economic alternative.

Ceothermoelectricity

Geothermal investigations were initiated in E1 Salvador in 1964 to
establish the existence of geothermal resources suitable for

electrical generation.

This research, intensified in the 70's, icentified the geothermal

field of Ahuachapan with an estimated capacity of 100 Mw.

At the same time, investigations in other areas of the country,
where endogenous manifestations were visible, were carried out
identifying the geothermal fields of Ber.in, San Vicente and
Chinameca in the eastern section of the country and Chipilapa close

to the Ahuachapan field.

The investigations were successful, a geothermal plant with an
installed capacity of 95 MW was put into operation in Ahuachapan,
while establishing the feasibility of another plant at Berlin and
possibilities of tapping this natural resaurce at Chipilapa, San
Vincente and Berlin.

Available data estimates indicate the capacity of geothermal

electric power generation as follaws:

Anuachapan Plant 95 M (in operaion since 1975)
Berlin Plant 55
Chipilapa Plant 55
San Vicente Plant 55
Chinameca Plant 33
295 Mw
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The installed capacity of the electricity generating system has
increased in dn orderly mainer from the year 1954 to date, from 30
MW to 455.2 MA in 1982 with the following breakdown:

Hydroelectricity 323 MW 51.0%
Geothermoelectricity 95 MW 20.9%
Thermoelectricity 128.2 Mu 28.1%

455.2 Mw 100.0%

Tre historic trend of the installcg capacity is shown in Figure III,
with a large hydroelectric component since the beginning. Recently,
from 1975 on, with the geothernal component the installed capacity
based on natural resources in 72% of the total. When the San
Lorenzo Hydroelectric Plant gues on stream this year the percentage

of installed capacity based on natural resources will be 80%, as

follows:
1984
Hydroelectricity 412 Mw 64.9%
Ceothermoelectricity 95 MW 15.0%
Thermoelectricity 128.2 Mw _20.1%
635.2 M 10U.0%

4, ENERGY CONSUMPTION IN INDUSTRY

The industrial sector is predominant in the consumption of electricity
with 47% of the total demand; nevertheless due to the socio-economic crisis in
Lhe "ountry, its participation has decreaseu to 394,

Three forms of énergy participate in the workings of the industrial
sector: oil, bagasse and electricity. Of the three, the one with the greatest
participation is o0il, with 47%; followed by sugar cane bagasse, with 37.5% and
then electricity with 15.5%.

I 1981 the consumption of energy in the industrial sector, by products
was as follows:
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Total %

Electricity 499 15.5
Fuel 0il 1,058 36.6
Diesel 0il 242 8.4
Bayasse 1,079 37.3
Others (0il-products) 63 2.2

2,891 100.0

The high percentayc of the oil products is clearly shown with its 47.2%
of the total energy consumption in industry. This percentage clearly
indicates the need for rationalizing their use. They are foreign imports with

a heavy impdact on the balance of payments of the country.

Electricity participation is 15.5% and there is a distinct upward trend
due to the substitution of diesel generation by electricity. Except for small
guantities used in station service at the refinery, diesel is burned to
produce steam for heating processes. The relative increase in electricity
suggests that the new industries are of the electricity-intensive type, such
as textiles, shoe manufacturing, etc. in lieu of the steam-intensive

industries such as sugar refineries.

The rational use of energy is eviaent in the industrial sector; studies
are required to determine the efficiency of enmergy consumption in the
different industries, possible substitution iin one form of energy by another
and the cost of modifications or substitutions in the industrial processes in

order to obtain better efficiences.

There i1s no definite policy in El Sailvador regarding the steps to be
taken by the public and private sectors with respect to the rational use of
eneryy in the industrial sector although there are plans to implement audits.

Within the programme to strengthen energy planning capacity, sponsored
by the Inter American bevelopment Bank, CtL will undertake a study in the
"Planning of Energy Conservation and Energy Audits". The private sector, with
the assistance of the Central American Institute of Research and Industrial

Technology (ICAITI), will do a series of audits in a great many.
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The structure of energy consumption for the year 1982 is shown in Figure
Iv,

5. THE ENERGY PICTURE

Within the reality that we live in we must state as oest we can the
energy features of our universe and, in this context, fix the horizons we are
intending to reach.

In any case it is necessary to know the historical behaviour of the
energy sector so that we might derive a diagnosis and, ultimately, put forward
autonomous and non-autonomous projections in accordance with historical

antecedents and socio-economic policies of national benefit.

2.1 Demand Situtation

From the histurical energy balances it was determined that the
energy sector had uniform growth for the period 1970-1979 (with a
rate or approximately 5%), with a marked decline for the periods
1973-1974 and 1978-1979, the first due to the world energy crisis
and the second to the socio-political situation of the country.,

The 1982 energy consumption in E1 Salvador was as follows:

Sector %
Industrial 16.5
Residential and Commercial 67.7
Transportation 14.2
Government 0.9
Others _0.7

10v.0

The above consumption was met by the following secondary energy
sources:
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Source 197y 1582

5.2

‘Electricity 5.0% 5.4%
0il Products 29.0% 24,2%
Woods 59.0% 64.,8%
Bagasse 6.8% 5.5%
Others _0.2% _0.1%

100.0% 100.0%

Percentage-wise, the composition of energy consumption and energy
supply for the period 197U-1978 is similar to that of 1979. 1t is
important to peint out the large participation of the residential
and commercial sector due to the inciaence of the use of firewood

for domestic consumption as well as the transportation sector whose
overall l4.2z% figure incluaes 59% of the consumption of oil products.

Among the sources of energy, wood contributes massively with 64.8%,

followed in magnitude by oil products with 24,2%,

Supply Situation

At primary energy levels we must know what sources of energy we

depend on and we must quantify the availability of same.

Considering eneryy imports, in 1947 oil was the traditional source
that supplied our market in its totality in the transportation
sector; 42% in the industrial sector; and 3.2% in the residential

and commnercial sector.

The availability of oil is quite assured for the time being due to
the agreement with Mexico and Venezuela; nevertheless, it is
convenient to investigate the possibilities of caal supplies and the

eventual use of thermo-nuclear energy.

Tne natural sources of primary energy are: arganic resources which
account for v1.2% in the residential and commercial sector and 45.5%
in the industrial sector; and the hydru and geothermal resources
with a 5.0% incidence in the industrial, residential and commercial

and ygovernment sectors because of the use of electricity.

1
3]
N
ae}
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5.3

It is also important to establish how many inhabitants depend on
each source in orde. to kiow the priorities and/or implications of

the energy policies.

The approximate figures of the beneficiaries of the different forms
of energy have been determined as follows:

Electricity 300,000 customers
0il Products 137,000 vehicles
Wood 3,3000,000 users

The tremendous impact of the use of wood in the energy sector is

clearly shown.
Energy Planning

Eneryy plamning is nothing more than the sequence of actions that
are initiated with a view to understanding the energy sector through
the historical energy balances followed by a diagnosis of the
situations so that the autonomous and non-autonomous hypotheses can

be established for the development plans.

Energy balances are used in this process as tools to guide the

planning praocesses.

Energy planning incorporates within its elements the diagnosis of
the sector which includes an analysis of the absolute tendencies and
an historical analysis of structures; the evolution of the principal
economic and social variables as related to energy and the trends
shown by macroeconomic indicators. Eneryy demand is also projected
by sectors, products and globally.
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5.4 Net Energy Lonsumption Sttucture ~ 1987

% Secondary Enerygy T. Cal. Sectors %
5.4 Electricity 1,119.6 Industrial 38.0 2.06
Residential 3u.7 1.67
Commercial 13.4 0.73
Government _17.9 0.97
100.0
24,2 0il Products 4,970.8 Industrial 28.6 6.93
Residential &
Commercial 9.0 2,17
Transportation 58.8 14,22
Non-identified 0.8 0.18
Non-eneryy 2.3 0.56
Government 0.5 0.12
00.0
64.8 Wood 13,324.6 Industrial 2.7 1.75
Residential 2 97.3  €3.04
10C.0
5.5 Organic Material 1,130.5 Industrial 100.0 5.50
u.l Others: Charcoal 20.0 Industrial 29.5 0.03
& Coke Residential _70.5  0.07
100.0
100.U 20,565.5 100.0

6. THE ENERGY PROBLEM IN EL SALVADOR

6.1 The Energy Picture

The Salvadore society faces the energy problem through three types

of energy, each one with its own impact:

Cil products, in the context of national energy, problems are
characterized by a high degree of oreing dependence, high costs and
outflow of foreign exchange. Without doubt they are a form of
energy that we will deperd on in the short and medium terms but
alternatives must be found tu substitute them. This form of energy
has a great impact on national economy and substantially affects the
transportation and industrial sectors.
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6.2

Wood is an energy product that affects a very large proportion of
the inhabitants, in particular the lov-incune, rural domestic sector
for which wood is the only source of energy. Wood is a form of
energy used traditionally and incorporated nassively into national
énergy problems with social implications as well as ecological

impact due to the deforestation effect.

Electricity is another of the types used in E1 Salvador with the
Characteristic that it is a desirable forn of energy that can be
produced by local renewable natural resources or by oil products.
tlectricity is one eneryy product that supports the economic
development of the country in spite of its small role in the energy
sector but it is an indicatur of the way In which the economy of the

country develops.

Now that the eneryy supply proolew has been laid out in terms of the

above three types of eneryy, the question arises: what can we do?

Formulation of Lnergy Policies

The problematic situation facing the eneryy sector due to
limitations fur the supply of energy has a common denominator:

efficient use.

The actions to be taken in coping with this probiem can be

summarized as follows:

As for oil products, we must incredase theirp efficient use and sesk
to substitute them by other sources of renewable energy such as
hydroelectricity, geothermoelectricity and ethyl alcohol.

Wood must be consumed with greater efficiency by weans of stoves of
the closed-fire type whicn couble egfficiency: firewvod-producing
trees and, finally, to substitute part of che wood consumption by

cheap renewable sources of energy such as methane yas and cow manure.



Electricity must also be used with better efficiency; research must
be speeded up on other renewable energy sources such as the sun and
wind, also capable of producing electricity, as well as on

electrical interconnectinns with neighbouring countries.

7. CONCLUSIONS

A close follow-up of the behaviour of electricity demand and the
adequate outfitting of its different projects has permitted CLL to maintain a

firm supply to cover national needs.

Wit this implementation policy, priority has been given to the use of
natural resources in order to provide all the electric power from such
resources.  This objective was finally redached in 1979 when the installed
capacity based on natural resources met all of E1 Salvador's requirements of

electric power and energy.

The measures taken to maintain dynamic planing for the electrical

system results in projections suech as those presented in Figures V and VI.

Hssoclated with the generating system, a grid of 115-kV transmission
lines has been designed and built to interconnect the generating plants and

transport the electricity to the load centers.

Integrated wit the transmission system, a subtransmission network
operating at 44 kv feed, the step-down substations and the related primary
disiribution lines at 13.2 kV. See Figure VII.

As a complementary unit to the generation and transmission system, a
modern Load Dispatch Center has been incorporated to provide for automatic
operation of the system. The Load Dispatch Center is 75% complete and has
been designed to plan, operate and supervise the generation and transmission
system Ly fieans of o Real-Time Computec System. This new element in the
system will permit more efficient operatinon thereby improving the resource

availatility within the load curves.
In El Salvador, CRL has implemented electric power operations and

transmission systems in keeping with the socio-economical reyuirements of the

country.
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Figure 1v

NET ENERGY CONSUMPTION
YEAR 1982

STRUCTURE BY SECTOR

Ser.tor 4 TCAL
INDUSTRIAL 16.5 3,388.3%
RESIDENTIAL AND
COMMERCIAL 67.17 13,919.0
TRANSPORT 14.2 2,923.6
PUBLIC SECTOR 0.9 182.2
OTHERS 0.7 152.4
TOTAL 100 20,565.5

FORM OF ENERGY

24.2 %

PETROLEUM
DERIVATIVES
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RATIONAL UTILIZATION OF ENERGY IN ELECTRICITY PRODUCTI1ON

I. ENERGY CONSUMPTION IN INDUSTRY

In 1981 the energy consumption of the country's industrial sector, by

products, was as follows:

TERACALURIES %

Electricity 449 15,5
Fuel 0il 1058 36.6
Liquified Gas 29 1.0
Kerosene 28 1.0
Diesel 0Gil 242 8.4
Coal and Coke 6 0.2
Vegetable Wastes 1079 37.3

2891 100.0

Source: National Energy Balances, 1970 - 1981. CEL - UNDP

It can be seen very clearly that main products were consured by
industry. First of all, we have oil derivates which represented approximately
47% of total consumption; then vegetable wastes, mainly sugar cane bagasse,
which accounted for 37.3% and which was totally consumed by the sugar mills;
and finally, electricity with a 15.5% share.

Thus, we can appreciate the large participation of oil products in
industrial consumption and the consequent necd for rationalization of efforts
in this area. Since the country does not have indigenous oil resources, such
imports yive rise to various problems in the country's balance of payments,

II.  THE CURRENT SITUATION OF THE INDUSTRIAL SECTOR

The study of energy as a whole is very recent in E1 Salvador. Only in
1979 when the National Energy Balances started, through the Energy Programme
of the Central American Ithsmus (PEICA), financed by the United Nations
Development Programme (UNDP), in collaboration with the Executive
Hydroelectric Lempa River Commission (CEL), which created within its
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organigram an Energy Superintendency in charge of all the energy planning of
the country. Tine aforementioned balar-es were finished in 1980. Then the
elaboration of National Energy Development Altermatives for 1980-2000 got
underway. It was possible to make (through the enzrgy balances) a general
diagnosis of the situation for all of the energy-consuming sectors, including
the industrial scctor, but without determining for the latter useful energy

efficiency, etc., for each one of the industrial activities.
As for the legal aspect, to date we do not have sdeguzie regulations in
this regard and there are no incentives for the enterprises in terms of the

utilization of one eneryy source or another.

Likewise, with the financial aspect, there are no incentives of any kind

relative to import duties.

1II. THE FUTURE SITUATION OF THE INDUSTRIAL SECTOR

In the field of rational utilization of energy in industry, the urgent
need to carry out more in-depth studies has been stressed for the purpose of
determining the efficiency attained by the different industries in the
consumption of energy, possible substitutions between one energy source and
another, as well as the cost that the industries will have in case they make
modifications or changes in their current processes. All these questions, and
more, would bave to be solved by carrying out audits and studies in the

industrial sector.

Tnis is why within the Programme tu Reinforce Energy Planning Capacity,
which is currently being prepared together with the Inter-American Development
Bank (IDB) and the Executive Hydroelectric Lempa River Commission (CEL), a
study called "Planning for Energy Conservaticn and Audits" has been foreseen,
including the study of energy consumption in the industrial sector.

Also, as a general policy it is felt that since the country has, at this
moment, its own natural resources for electricity gemeration, the industries
should look to the intensive use of electricity as a substitute for oil
derivatives; and this is already occurring in reality. Moreover, the critical
pericd that the country is passing through has to be highlighted since it has
enormously affected the industrial sector.
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The private sector, for its part, in collaboration with the Central
American Institute of Research and Industrial Technology (ICAITI), is about to
undertake a series of energy audits in the majorily of the industrial firms.

As has been briefly explained, 1 Salvador does not have a definite
policy for the public or private sector in relation to rational utilizaion of
energy in the industrial sector. For the future there are plans to carry out
audits and studies on rational utilization of energy in industry. It is known
that the industrial sectnr consumes large quantities of fuel oil which, being

an oil product, is imported. Therefore it is necessary to rationalize its use.

Finally, it is important to emphasize the good intentions for receiving
financial and technical assistance from other countries or institutions which
already have programmes of this kind, and which are ready to share their
knowledge in this area.
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Options to improve fuel efficiency and coal use in electricity generation,

combined heat, and power generation

Introduction

Traditionally, the four Nordic countries - Finland, Sweden, Norway, and Denmark -
have a high specific energy consumption per capita, partly due to the high heating

demands caused by the climatic conditions.

During the last decade, decisive measures have been taken in all four countries to

reduce the specific energy consumption and to reduce the usage of oil.

Unlike the three other countries, Denmark has a very low degree of self-supply of
enerqgy, and is today dependent on energy imports for more than 90 % of its primary

energy requirements.

In the period 1972-1980 there was a real GNP increase of 18 %, but energy consump-

tion remained unchanged, as shown in figure 1.

The vulnerability of Denmark as regards possible failure of oil supplies and the
prospect of oil imports becoming an ever-increasing strain on the balance of

foreign payments are decisive motives for this policy.

The oil share of the energy consumption has been reduced by switching to coal,
primary by the utilities, who are responsible for electricity production as well
as serve a considerable portior. of the heating market with district and industrial

heating from ClP-units.

Further cutbacks in oil demand will be realized in future years by extending the
heat supply systems from the power plants, and by the establishment of a natural

gas system. - 2%8 -



The gas will be supplied from the Danish sector of the North Sea, and will pri-

marily cover heating demands.

The energy conzumption by the different sectors are shown in figure 2 for the year
1981, together with a forecast for the year 2000. The expected increase in the

fuel consumption for the electricity production is due to extended CHP~production,
electric heating of houses that can not be supplied with natural gas or heat from

CHP~plants and the electrificatisn of the public railways.

Electricity Consumption in Denmurk

The relative shares of the sialaz of electricity to different types of consumers
1581 are shown in figure 3, and the development in the per capita electricity
consumption is represented in fiqgure 4. From this can be seen that a stagnation in
the specific consumption has been achieved in the last years due to general sav-
ings and the adoptation of less energy-consuming equipment, especially in the

domestic sector.

A comparison with the per capita electricity consumption in some selected coun-
tries is shown in figure 5. From this can be seen that the consumption in Denmark
is very near to the mean value of the 10 EEC-countries, but considerably lower
than the average consumption of the Nordic countries. As the other Nordic coun-
tries have a long tradition for electricity based on hydro power, the following
low electricity prices have initiated the development of heavy electricity con-

suming industries, like metal melting, which are not found in Denmark.

Energy sources for Electricity Generation

Figure 6 shows the differenc energy sources used for electricity generation,

divided into finite and renewable energy sources.

In the Nordic countries, all kinds of finite energy sources are utilized, together
with renewable sources like hydro, wind, and bio matter as peat and wood. Methods
for utilizing wave and solar energy for electricity production are currently being

developed, especially for local supply at remote places like smaller islands.

The power systems of the Nordic countries differs very much from each other, due

to natural conditions and established traditions.
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In Norway hydro power is entirely predominant while thermal power is predominant

in Denmark.

Sweden and Finland have combinations of both hydro and thermal power. Thermal
power is in Denmark based entirely upon coal and oil, and in Sweden and Finland

upon coal, oil, and nuclear energy.

In the total system hydro power accounts for the major portion of the total pro-
duction of alectricity, but an incrcasingly greater share is being based upon
nuclear energy and coal. Figure 7 shows the power production in the vears 1979-80
in the four countries, as well as the relative shares of the hydro and the thermal

power.,

Power Exchange among the Nordic Countries

The imutual Nordic electric power cooperation, generally called NCRDEL, has a long
and established tradition. The four countries, Norway, Sweden, PFinland, and Den-
mark, arce linked together with a number of sea cables as well as overhead lines,

as shown in figure 3.

As the pcower systems of the Nordic countries are very different from one another,

the advantages of joint operation are considerable.

The overall ob:jective of the cooperation is to reduce the total costs. If each of
the countries were to maintain production solely for its own requirements, without
an exchange with neighbouring countries, the total cost would be appreciably
higher. Besides the higher cost, more oil would have to be used for the electri-

city production.

This system of cooperation, in addition, contributes toward maintairing a high

level of operating reliability.

Since the exchange of power can be expected to flow just as often in the one di-
rection as the other, it is reasonable and generally accepted that any resulting

profits be shared equally between the two parties involved.



Electricity Generation in Denmark

Electricity is produced at 19 power stations, all situated at the coast, as shown

in figure 9,

The power companies are organized in two powerpools, FrSAM and ELKRAFT.

All generating units are fossil fueled, and so far, no decision is taken on intro~

ducing nuclear power.

In 1973, out of a total capacity of approximately 5500 MW, about 3000 MW were coal
fired units. Following the sudden increases in oil Prices, as much of the existing
coal fired capacity as possible was put back into operation. This capacity in-
cluded, however, many smaller, old-aged units with a high specific heat consump-

tion.

Due to the rising price difference between imported oil and coal, and a desire to
reduce oil dependence, the utilities initiated an extensive 0il to coal conversion

bProgramme, which includes:

- Retrofits
- Conversions

- New units.

Retrofits

A number of units being built in the sixties were designed for coal, but equipped
for oil firing only. The conversion programme includes the retrofitting of all

these units to coal ag shown in table I.

Typical recorded outage time for each unit has been 6-8 months.

The retrofittings typically include:

- Coal import harbour with unloaders
- Coal transport and storage systems
- Coal grinding and firing equipment
- Soot blowers

= Precipitators

=~ Ash handling and storage.
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On the average, the specific conversion cost has been about 100 US$$/kW.

After re-commissioning on coal firing, due to the coal prices being considerakle
lower than the oil prices, the evaluated pay-back time for the retrofits has ty-.

pically been 2 years.

Conversions

All units under construction or commissioning in 1973 were designed for oil firiry
only. Preliminary studies were performed by the utilities on how to convert these
units to coal firing. A number of units proved to be impossible to convert due to
prohibitive space limitations on the site. Others were judged to be possible, and
after detailed studies, decisions covering 4 conversions were taken as shown in

table II.

A prerequisite in all the conversion projects has been that a full rating should

be maintained on coal (as well as oil) firing.

The first of these conversions was performed at Unit 4 of Fynsvaerket Power

Station.
This unit was originally commissioned 1974 and had 22,000 running hours on oil
firing before it was taken out of operation for the conversion. Figure 10 shows

the original oil fired compact type boiler and the converted coal fired boiler.

This project inciuded:

Excavation to 10 meters below ground level to accomodate the bottom ash hopper.

- Installment of separate primary air preheater due to the increased total air

demand.

- Extension of boiler house to provide sufficient space for coal hoppers, feeders,

and pulverizers.
- Coal transport system.
- Coal firing system.
-- Soot blowing system.
- Electrostatic precipitator.

-~ Ash handling and storage silos.
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Total outage time was 18 months, and total conversion costs amounted to 30 million

US$. Pay-back time was less than 2 /ears.
The unit is operated on a CHP-scheme, supplying heat to tha city of Odense.

The fuel efficiency of the unit vaeries from 40 % on power production only up to
80 % on combined heat and power production. The recorded average yearly efficiency

is approximately 67 %.

The second conversion project was performed at Unit 5 of Asnaes Power Plant.

This unit was due to be commissioned in early 1980. However, in early 1978 it was
decided to convert to 100 % coal firing. At that time, boiler house was completed,
and most of the boiler was ecrected. Figure 11 shows the original single pass oil
fired boiler and the converted two-pass coal fired boiler. In addition to the same
items listed for the Fynsvaerket project, the conversion included a 100 % exten-~

sion of the boiler house.

As the decision on conversion of this urit was taken during the construction
Period, exact cost and outage time can not be established. The pay-back time is

estimated to 4 years, including all costs related to the conversion.

New Coal fired Units

To cover the projected increase in electricity consumption, substitution of re-
tired units and to secure the heat supply from CHP-units a number of new units

have been included in the o0il to coal conversion programme, as shown in table ITI.

Coal Supply to Denmark

Steam coals are imported from all over the world. The total import amounts to 8-

10 million tons/year.

Unlike other fuels like oil and gas, coal is by nature a heterogenous substance
whose composition and properties varies a lot between the different origines. Even

within a single lump of coal there can be significant variations.

The global origines of the coal supply implies that a variety of different coals
with different physical and chemical properties are utilized. This often results
in different (and in scme cases very strange) behaviour in the boilers as well as

in the coal supply system. Some coals require mixing with others before being

utilized on a specific unit.
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In coal producing countries, the users base their selection of equipment on the
coal characteristics from the nearby mines with due respect to earlier experien-

cies.

For a coal importing country, the keyword in plant design is flexibility with as
few limitations as possible relative to the spectral variations in coal characte~-

ristics on a glocbal basis.

In the plant design, compromises must be done, but preferably with a minimum of

limitations for the coal purchaser when he faces the coal market.

It is not only a strong desire, but a necessity of importing nations to diversify

their sources of delivery, to minimize the risks of supply failures during crisis,

In the case of Demmark, the changing import pattern during the last faw years is
shown in figure 12. Typical problems and constraints in this period have been the
political disturbances in Poland, the frequent strikes in Australia, the crowded
US-harbours, and an appeal from the Danish government to minimize the import from

South-Africa.

A number of new harbours with associated coal terminals have been constructed in
the last years, including two major terminals designed to accomodate fully loaded

bulk carriers up to a size of 170,000 dwt.
Long term contracts have been placed in a number of countries including Columbia,
to secure the coal supply, in combination with local coal yard storage on each of

the stations.

Results of the Danish Coal Expension

The total conversion programmes in terms of generating capacity is shown in figure

13.
The achievements so far in the efforts against the ultimate goal - minimizing the

0il consumption - is shown in figure 14. From oil having an 80 % portion of the

fuel consumption, this is now reduced to 8 %.
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Combined Heat and Power Production in Denmark

in Denmark, about one third of all houses have a district heating connection which
is regarded as being a most ordinary installation, just as any other utility con-

nection such as water, electricity, and gas.

Co-generation of electricity and heat was introduced in the 1920's and was de-
veloped along with the extension of the electricity supply. The first units were
based on diesel generators, but later, as larger units became necessary, steam
turbines were introduced. Today, about 10 % of the total consumpcion for space
heating is covered by combined heat and power plants, and according to existing
pPlans, this will be increased to approximately 25 % during the next 10 years.
Compared to a system where electricity and district heating are produced separa-
tely, the total savings amount to approximately 1 million ton oil per year. Be-
sides, the extension of povwer plant heat systems will further reduce the oil

consumption, as the combined heat and power plants to a great extent utilize coal.

In a modern coal-fired steam-unit the thermal efficiency is approximately 40 %.
The predominant loss is due to the cooling water, which carries away about 45 % of

the fuel input.

In a combined heat and power (CHP) unit, approximately 85 % of the fuel is uti-

lized in the heat and power production.

Big investments in the pipeline net are necessary for the utilization of power
plant heat. In return, the fuel consumption is low, which makes the heat costs re-

latively insensitive to even considerable changes in the fuel price,

In Denmark the total environmental pollution has been reduced due to the introduc-
tion of CHP-units, partly because of the reduction in the total fuel quantity be-
ing burned, and partly because oS the power stations being situated remote from

the city centres.

The heat supply of the country is regulated by a legislation, giving the central
and local authorities means to issue directives concerning the regional heat sup-

ply systems to be adopted.

Such directives will be issued after local heat plans have been worked out and

discussed with the parties involved,



These plans will often cross the existing administrative borders and must finally
be coordinated and approved by the Minister of Energy with the aim of securing a

market for the collective heat supply in accordance with the superior aims of the

energy policy.

If the accomplishment of a certain heat supply project is necessitated by superior
energy political objectives and also less profitable than other alternative heat
supply methcds, the approval of such a project must at the same time imply guaran-

tees for sufficient Governmental grants.

The purpose of the legislation on heat supply is to secure that the utilization of
energy for heating of buildings, hot water supply, etc. and other use of low-
temperature energy takes place according to a total planning, which forms part of
the total energy planning of the country and to supply the necessary administra-

tive basis for the planning.

The heat supply planning is done out of consideration for the reduction of the
vulnerability of the energy supply, and especially the dependency on oil supplies,
and assist in the slowing down of the growth in use of energy, the encouragement
of an optimum use of energy resources, and the reduction of the environmental im-

pact.

A characteristic feature of Danish district heating systems is the fact that low
temperatures are used, whereby several advantages are achieved, such as better
economy at combined production due to lower condensation temperature, lower heat
loss in the network, simpler duct constructions and direct house connections with-—
out expensive heat exchangers and control equipment. This results in lower initial
and running costs, which is one of the important reasons of the high coverage of

district heating and combined production in Denmark.

Other Uses of Waste Heat from Power Plants

Due to the climatic conditions in Denmark, the production of vegetables in green

houses is very energy consuming. As an example, the yearly average consumption to
grow | kg tomatoes is about ! kg oil. Substitution of oil based direct heating by
utiliziny heat from the power stations are currently being investigated. Such

systems are already successfully in operation at some of the power stations.
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After passing through the turbine condensors, the teuperature of the cooling water
o

is increased by 5-8 C, which makes it ideal for aquaculture. A number of farms for

raising fish and oysters have been planned, and some test plants, like the one

shown in figure 16, are in operation.
Besides district heating, where the normal heat carrying medium is water, some of
the power stations deliver steam extracted from the turbines, to near-by indu-

stries for process uses.

Suggestions for Action for Utilities and Governments

The experiences acquired by the Danish utilities in the field of oil to coal con-
version and the development of combined heat and power generation are based on the

local conditions, and can not directly be used for general recommendations.

However, many of the problems involved have been of universal nature and some

statements can be made:

Fuel can be saved and the environmental impact reduced by:

- Investments and other measures aimed of reducing losses in the individual parts

of the generating units.

- Preventive maintenance and other precautions to secure Proper plant functioning

and high availability. This is especially important on coal fired plants.

- Introduction of combined heat and power production.

In the field of electricity generation, substantial savings can be achieved through

cooperation including power exchange between utilities and neighbouring countries.

In connection to major changes in the fuel supply, such as a massive oil to coal
conversion, a close cooperation between utilities and authorities is necessary to
effectively solve problems of general nature, such as those related to financing,

fuel supply security and environmental impacts.
As the coal qualities and combustion characteristics varies very much from the

different origines, it is essential that the design of a coal fired unit is based

on a realistic coal supply scheme.
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In connection with larger shifts in the forms of heat supply, such as district
heating supplied from combined heat and power stations, an effective information

including the consumers, the producers, and the authorities is an essential part.

For oil to coal conversion as well as introduction of combined heat and power
systems, it is important that this is guided by a firm governmental energy plan-

ning, including a consistent ernergy tax policy supporting the planning.

..__wo— -
Abbreviations used
GNP: Gross National Product
CHP: Combined Heat and Power
EEC: BEurcopean Economic Communities
Us: United States of America
FRG: Federal Republic of Germany
NORDEL: Coorzration body for power supply in the Nordic countries
DEF: The Danish Association of Electricity Supply Undertakings
kW: kilowatt (103 watt)
6
MW: megawatt (107 watt)
. 15
PJ: Petajcule (10 Joule)
: 3
ton: metric ton (10° kg)
TOE: Tons Oil Equivalent

Outage time: The total time when a unit is not available for power production.
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The Danish Utilities'

Oil to Coal Conversion Programme

Table I

Retrofits

Table IT

Conversions

Table III

New units

Power Unit | Unit | Year of | conver- Outage
station No. size | commis~- | sion time
name sioning | comple-
ted

Mw Months
Asnas 4 268 1968 1978 7
Vestkraft 2 268 1969 1979 6
Stigsnas 2 285 1970 1980 8
Skarbak 2 285 1971 1981 7
NEFO 1 137 1967 1982 6
Stigsnaes 1 150 1966 1983 16
Total 1393
Power Unit | Unit | Year of | conver- Outage
station No. size | commis- | sion time
name sioning | comple-

ted

Mw Months
Fynsvaerket 3 285 1974 1980 18
Asnas 5 698 1981 1981
Nordkraft 1 285 1973 1985/86 25
NEFO 2 305 1977 1985/86 25
Total 1573
Power Unit | Unit |Year of
station No. size |commis-
name sioning

MW
Ensted 3 630 1979
Herning 1 95 1982
Randers 1 50 1982
Studstrup 3 375 1984
Studstrup 4 375 1985
H.C.@rsted 7 90 1985
Total 1615
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Figure 13

DANISH POWER STATIONS - ELECTRICAL CAPACITY
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Figure 1 5

DENMARK -~ Fish Farm at Ensted Power Station.
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THE USE OF ENERGY IN SIDOR

Julian S. Jatem

Head of the SIDOR Research Center
Orinoco Iron and Steel (SIDOR)
Venezuela

A.1 INTRODUCTION

Venczuela embarked upon the iron and steel industry in the mid-1950's,
when it decided to install an iron and steel complex in the Matanzas

arca of the State of Bolivar and built the Orinoce Tron and Steel
Plant (SIDOR). [From that moment onwards, and throughout all the later
stages of expansion and modernization of the firm, the enerpy paramcter
has been present.  In selecting the most profitable processes, the great
abundance and casy access to most of the resources necessary for operat-
ing an iron and steel complex were tuken into account. Nevertheless,
the primary consideration taken into account was that related to cnergy

availability,

The original plant was designed with a capacity of 750,000 tons per ycar.
At that time, the most highly developed technology was adopted for
manufacturing steel, i.:., the Sicmes Martin steel-making process and
the subscquent lTamination processes.  Afterwards, in the mid-1970's, it
wias decided to expand the capacity to 1.8 million tons per vear; and,
once again, it was the cnergy factor that weighed heavily in deciding
abount the production processes to be used.  In sum, it can be said that
from the time of its conception and during its later development, SIDOR
has considered of vital importance the availability of, and access to,

the cnergy resources of the arca in which the plant has been installed.
B.  OBIJECTIVES

B.1 To present cnergy-related considerations that have prevailed in the

installation and expansion of SIDOR.

B.2 To present the situation of SIDOR from the standpoint of rationaliza-

tion of the usc of cnergy.
C. DEVELOPMENT

C.1 Description of the Original Plant

SIDOR is located in Matanzas, in_}h55§$ngc of Bolfivar, Venczuela, in the



southeastern part of the ocuntry, at the point of confluence of the

Caroni and Orinoco Rivers. Its location is noteworthy since it proves
extremely advantageous; in a 400-km. radius casily-accessible reasources,
necessary for the development of an iron and steem comples, can be

found, with the sole exception of coke. This apparent drawback is
compensated by the large hydroelectric potential of the zone, where an
installed capacity of 1315 My already exists, with prospects for expansion
to 8200 My,

Initially, the following plants were installed:
Sintering Plant

1
1.2 Pig lron Plant
Siemen Martin Steel Mill

—
[#2}

1.4 Primary Lamination, Bars and Rolled Steel Plant
1.5 Piping Plant
1.6 Wire Drawing Plant

~

Ioundry

C.1.1 Sintering Plant: This consists of a machine with a surface

2
area of 100 m™ and an installed capacity of 3000 tons per day.

C.1.2 Pig Iron Plant: This conssits of 9 electric furnaces of the

Tysland Hle reduction type with 33,000 kVa cach and a produc-
tion capacity of 200 tons per day in cach furnace. These
furnaces use coke as the reducing agent and clectricity as

the heat source, with an average load of 22,500 kW per furnace.
In addition, there is a workshop for the manufacture of
electrodes having a capacity of 8000 tons per year and an

ingot-molder with a capacity of 2500 tons per day.

C.1.3 Siemes Martin Steel: This unit consists of four furnaces whose

capacity was increased from 250 tons cach, with a LOFTUS design.
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C.1.4 Primary Lamination, Baras and Rolled Steel Plant: This

consists of four laminators or rolling mills: onc reversible
a 1100-mm onc, and another 800 mm one, and 3 frames; a 500-mn
laminator with a trio of trimming, laminating frames; and a
sct of three frames and a 300-mm, laminator. It also includes
ten pit furnaces with a 125-ton ingot capacity cach and re-

heating furnaces for cach plant,

C.1.5 Piping Plant: This consists of threc plants with the follow-

ing features:

- Large Plant: With two frames, for hot-rolling pipes without scams

with a pilgrim pitch with a diameter of 8-5/8 to 16".

- Medium Plant:  With two frames for hot-rolling pipes without scams

at the pilgrim pitch with a diameter of 3-1/2 to 7".

- Small Plant: With a reducer for the manufacture of pipes without

seams with a diameter of from 2-3/8 to 4-1/2".

C.1.6 Wirc Drawing Plant: This consists of three units for prestretching

wire, fourteen units for wire drawing, thirty-two machines to

manufacture barbed wire, and two lines for hot-dip galvanization.

C.1.7 Foundry: ‘This plant is used ofr casting pieces and parts, mainly
ingot molds and plates. Tor this, there are installations for
handling and preparing the sand and clectric-arc furnaces with
a 15-ton capacity cach. Also, there are two sachines for the
production of centrifugal tubes, with a capacity of 30,000 tons

per year and diameters between 60 and 300 mm.

Furthermore, the original plant has various installations and

support services which take part in different aspects in production.
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C.2

Modifications and Enlargements

SIDOR has undergone three stages of modification and expansion of its

facilities. All of them included energy considerations in the correspond-

ing analyses. These stages have been:

.1

o

Expansion of the capacity of the Siemens Martin Steel Mill

2.2 Lonstruction of the Flat Products Plant

2.3

C.2.2

C.2.3

Plan v

Expuansion of the Capacity of the SiemmisMartin  Steel Mill:

This consisted of an increase in the capacity of the original
furnaces, from 250 to 300 tons, including, too, oxygen insulfate
and expanding the capacity to 1,200,000 tons per year. This

modification was concluded at the end of 1976,

Construction of the Flat Products Plant: This stage began in
the carly 1970's, and the expansion program is about to be
concluded. This plant has facilitics for col:- and hot-casting

a large varicty of products, including sheet metal.

Plan IV: This is the most ambitious project of the company,
since it contemplates the enlargement of the steel-making
capacity from 1,200,000 ton per year to 4,800,000, This
project offers particular characteristics in that not only
the expansion of production capacity, as explained, entails

a nunber of problems, but because it also takes on singular
importance in terms of the energy aspect.  Actually, SIDOR
proposed two alternatives: the conventional one, i.c., a
furnace, converter to oxygen, with continuous operation, or
direct reduction, with electric furnaces and continuous melt.

Once the corresponding analysis has been done, SIDOR decided
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to adopt the direct reduction method, with electric furnaces

and continuous operation, and to install the [ollowing plants:
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2.3.1

2.3.2

2.3.3

2.3.4

2.3.5

Lime Plant

Pellet Plant

Direct Reduction Plant

Steel Mill and Continuous Sheet-making
Steel Mill and Continuous Billet-making
Bars and Wire Plant

Expansion of Flat and Rolled Stecl

Lime Plant: ‘This was built fundamentally to manufacture the

lime that would be usced in the pellets plant as an agglomerate
and in the steel-making plant as a desulfurating and dephosphoriz-
ing welding  compound. The capacity of this installation is

240,000 tons per vear.

Pellet Plant: This consists of two grinding and pelletization

units with a capacity of 06,600,000 tons per ycar.

Direct Reduction Plant: This consists of eight modules with

a capacity of 3,840,000 tons per yeuar,

Steel-making and continous sheet-making: This consists of six
electric-arc furnaces with a total capacity of 2,300,000 tons
of liquid steel per year, coupled with three continuous-melt

machines with a capacity of 2,200,000 tons of sheets per year.

Steel-making and Continous Billet-making: This consists of four
electric-arc furnaces with the capacity to produce 1,200,000
tons of liquid steel per yecar, coupled with three machines for
continuous melt, with a capacity of 1,050,000 tons of billets

per year.
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2.3.6

2.3.7

C.3

Bars and Wire Plant: This consists of a continucUS1linc of
wire rods with o capacity of 500,000 tons per year, and a line

of bars with a capacity of 700,000 tons per year.

Lxpansion of the Falt Products and Pipe Manufacturing Plant:

Still under development.

As can be scen the magnitude and significance of these enlarge-

ments is considerable.

Considerations in the Expansion of SIDOR

C.3.1

Analysis of Alternatives: The furnace method, the Siemes

Martin steel mill and the subsequent lamination processes

have constituted since the mid-1960's an obsolete alternative
for stecl-making. In their place has been developed the furnace
method, oxygen-converters and continuous melt. Both the
continuous melting as well as the oxXygen converters were
developed in the decade of the sixties; and with the im-
provements introduced in the furnace, the use of the two
together constitutes the most efficient way to make steel.
llowever, this alternative calls for the existence or

availability of coke or cokable coal.

Approximately since that same era, the development of another
alternative has been in progress, using dircct reduction

and continuous-melt clectric furnaces for steel-making. This
method, less efficient from the energy perspective, constitutes
a real possibility in countries in which cokable coals cannot be
obtained, as in the casc of Venczucla. This was an important
clement in the decision in favor of the direct reduction
clectric furnace continuous-melt method for the expansion

of SIDOR.
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C.3.1.1

3.1.1.1

3.1.1.2

C.3.1.2

3.1.2.1

A briel analysis of the availability of energy and material re

sources in the country follows.

Raw Materials:  the following materials participate in a
fundamental way in steel-making; coke, iron ore, "welding"

componds and refractory agents.

Coke: In Venczuela the possibilities for making coke have
not yet been ciecarly defined; in the year 1973, when the
expansion project got underway, this situation was cven more
relevant.  There do exist coal deposits in the State of
Anzoategni, some 100 kms. away from SIDOR, and other beds

in the State of Zulia, in the extreme western part of the
country, some 2000 kms. from SIDOR.,  Work has been going on
in these deposits recently, in order to determine the

prospects for coking.

Iron Ore:  SIPOR is situated in an arca where iron ore abounds;
the estimated reserves amount to some 2.131 billion tons. This

mineral is currently exploited by a firm from Orinoco Mining.

"Welding' Compounds: In addition to the mineral deposits,
abundant deposits of limestone and dolimites are available,

thus assuring the supply of these materials.

Encrgy Products:  Those nomally used in ivon and steel plant
are as follows: coke, fuel oil, natural gas, and electricity.
[n the case of SIDOR, both the natural gas and the electricity

are inputs whose possibiliteis for use are considerable.

luel 0il:  Several refineries where this kind of fuel can be

obtianed are ncar SIDOR,
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3.1.2.2  Natural Gas: The natural gas deposts are found in the
State of Anzoatcgui, north of SIDOR, at a distance of some
400 ks,

It should be noted that part of the gas now used by SIDOR

was previously burned off.

3.1.2.3  Electricity: The Caroni River has a large hydro power produc-
tion potential:  the two dams that have been built, facagua
and Ra(l leoni, have the capacity to generate 360 MW and 8200 MW,

respectively.

3.1.3 Scrap Iron:  This constitutes an essential material in the
claboraticn of steel; its participation is the most critical
in the furnace/oxygen converter/continuous-melt process. It
Is a scarce material in Venezuela and is therefore usually

imported.

C.3.2 Lnergy Requirements in Steel-making:  Table T compares the
theoretical requirements for producing steel by means of the

different alternatives.

C.3.3 Considerations for the Use of Energy in SIDOR: The operation-
al chart of SIDOR is complicated or complex, combining innovative
technologies with obsolete ones, and using large amounts of

energy.
Table 11 shows SIDOR's cnergy consumption as of 1980.

It can be obscrved from that table that clectricity consumption
and natural gas consumption was heavy, while a downward trend

could be scen in coke consumption. The efficient use of these

resources depends on o continuous, sustained work regimen,
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TABLE I

REQUIREMENTS IN PRODUCING

I METRIC TON OF STEEL

Sponge ° ~ ELECT. lf\'.»\l'._GAS FUEL~OIL | (OKE

MIN. |SINT.| MIN. [ PELL.|HYL | MID. | MIN. |pjg IRG\’B?I(: BN SepAp ISTEEL wppr | KD N 3. 3.
X 40 | X X 60 - - 45 - 55 4 1296 473 31 194
X 40 | x X - 60 - 45 - 55 s 1334 331 31 186
X 60 | - - - - 40 45 - 55 i 1757 8 31 270
- - X 60 - 40 45 - 55 M 1308 465 31 155
- - - 60 40 45 - 55 s 1278 366 31 154
- - X X 80 - - - - 20 AE 1570 508 - -
- - X X - 80 - - - 20 AE 1485 375 - -
X 100 - - - - - - 60 40 M 115 82 31 280
£ }100 - - - - - - 80 20 BOF 447 8,69 - 425
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TABLE If

ENERGY QOXSIMPTION IN SIIOR

ENERGY SOURCE

19309

1981

1982

CORE 185,107 tons 161,055 tons 111,276 tons
FUEL OF1. 42,000 tens 40,683 tons 35,345 tons
NATURAL GAS
o 3
REDUCTTON 447.054,712 rm> 598,351,000 rm> | 870,700,442 mm
~ . - v v 3
REHEATING 493,503,931 nm°  [432,719,822 m® | 523,248,625 rm

ELECIRICITY

3,441,306 Mvh

2,356,910 wh

3,391,859 Ak

RAW STEEL

1,639,094 tons

1,670,239 tons

1,858,256 tons
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Energy Saving in the Japanese Steel Industry

N. Suzuki

General Manager

Corporate & Economic Research Div,
Nippon Steel Corporation

1. Characteristics of energy consumption in Japan.

Japan has Luilt a highly industrialized society in the 40 years since
the war, Japan has become a country which consumes copious amounts of eriergy.
Japanese GNP is about 1,000,000 million US dollars, about 10% of the estimated
GNP of the whole world. Energy consumption in 1981 was at~ut 350 million tons
of oil equivalent, or 5% of the nearly 6,800 million tons consused in the
world. As is well known, Japan's economic structure depends more heavily on
manufacturing industries than thase of most other industrialized countries,
This is reflected in the breakdown of energy consumption by sector: 58% by
industry, 17% by transportation, and 25% by households. Exhibit 1.

Japanese 0il equivalent ENcTgy consumption per 100 million US dollnrs of
GNP is relatively low among the industriali:z.d countries and these indicate
that the structure of the Japanese economy has undergone a transformation
focussing on and achieving considerable energy savings. Japan is poor in
mineral resources, and used to depend on cil for more than 70% of its primary
energy requirements. So the impact of the o0il crises on the Japanese economy
was very severe indeed. Over the past 10 years efforts have been made to
reduce the country's overall ENergy consumption. Recently, the energy-saving
drive has focussed on reducing oil consumption.

If we compare today's oil dependence figure with that before the first
oil crisis, we find a reduction of 14%, from 78% in 1973 to about 64% in
1981. This figure, nowever, is still high when compared to the world average
of 42%. So the reduction of oil consumption is a major on-going task for
Japan. Exhibit 2-1, 2,

- 269 -



2. Characteristics of the Japanese steel industry's energy consumption

Now, I would like to discuss the energy problems facing the Japanese

steel industry.
(1) The steel industry as an energy-intensive industry

At an output of 30 million tons of crude steel a year, Nippon Steel
consumes about 5% of all the energy used in Japan in a year and 0.25% of the
world's vearly consumption. In view of such large energy consumption, the
responsibility of the steel industry to save energy cannot be overemphasized.

Total energy consumption by the world's steel industry is said to
account. for about 6% of the world's total energy consumption. Therevore, the
contribution that the steel industry can make toward solving today's energy

problems is considerable.

In 1974 Nippon Steel set targets to reduce energy consumption by 20%:
10% in each of two phases. To date a 17% reduction has been achieved. If it
were possible for the steel industry worldwide to reduce energy consumption by
20%, the figure would be about 1% of world energy consumption, which is
evuivalent to about 70 million tons of oil a year or 1.4 million barrels of
oil per day. Exhibit 3.

Another characteristic of the Japanese steel industry's energy
consumption is the position of coal as an energy source. In fiscal 1973, a
breakdown of the energy consumption showed 61% for coal and coal derivatives,
18% for purchased electricity, and 21% for oil and oil derivatives. In fiscal
1981, these figures were 74% for coal and coal derivatives, 19% for purchased
electricity, and 7% for oil and oil derivatives. Coal's share increased by
13% since the first oil crisis. Because of recent efforts to reduce oil
dependence, Nippon Steel's fiscal 1981 energy consumption breakdown shows that
coal and coal derivatives now account for 87%, purchased ele:tricity 9% and
only 4% for oil and oil derivatives. Thus Nippon Steel has established a
viable production system with a very low level of oil consumption. Exhibit 4-

(1) (2)
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(2) Energy saving by the Japanese steel industry before the oil crises
(1) Low blast furnace fuel rate

I mentioned already that the steel industry is an energy intensive
industry. Why are such large quantities of energy needed?

In the earth, metallic ores exist normally in the form of oxides. 1In
order to extract metals from these oxide ores, the metals must first be
separated from oxygen. This process requires large quantities of energy.

In the ironmaking process, ores are charged into a blast furnace and
reduced by coke and oil (mainly by coke) at temperatures as high as
l,6OOOC. It was said in the past that about one ton of coke-equivalent
energy was needed to produce one ton of pig iron. This coke energy is
equivalent to the energy in about 1.5 tons of coal. In the steel industry,
the reduction of blast furnace fuel rate has long been a major goal. With
various improvements made in both operation and equipment, the Japanese steel
industry had succeeded in reducing blast furnace fuel rate to around 0.5 ton
nf coke equivalent by the time of the first oil crisis. This is g good
example of what we can achieve through dedicated energy-saving efforts,
Exhibit s,

(2) Minimization of transportation costs
In the steel industry, transportation plays a pivotal role. From the
viewpoint of costs, transportation is divided into the following three

categories:

{a) Marine transportation of enormous quantities of steelmaking raw
materials and fuels from distant overseas sources.

(b) Intra-works transportation through numerous processes from raw
materials receipt to shipment of finished products.

(c) Outward transportation of finished steel products to domestic
and overseas markets.
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Costs of transportation are a very important item for reduction. In
order to minimize transportation costs, the Japanese steel industry has
concentrated on coastal integrated steelworks,

Viewed from the economy of transportation, a coastal integrated
steelworks has the following advantages:

(d) Marine transportation of bulk raw materials and fuels directly
to the steelworks and of finished steel products directly from

the steelworks to domestic and overseas markets.

(e) Greenfield steelworks allew rational layout of plant and

equipment to minimize transportation.

Most of these coastal integrated steelworks in Japan, were constructed
before the first oil crisis, and their location and efficient layout of
facilities and equipment greatly contributed to the industry's reduction of

energy use.

(3) Continuous processes

There is an old saying, "Strike while the iron is hot". The melting and
shaping of iron and steel takes place at high temperatures. Hence, if iron is
allowed to cool for some reason, a large guantity of energy must be expended
to reheat it to high enough temperatures to resume processing. From the
viewpoint of steel production, therefore, the ideal process would be a single
heat process or a continuous process. To realize this, however, many
technical difficulties must be surmounted. These difficulties are focussed on:

(a) Well balanced capacities
(b) Stability af operation
(c) Stability of product quality

Efforts have been made for many years to overcome these difficulties.
As a result, remarkable progress has been made in a great number of fields
including process continuity, process elimination, improvement of equipment
maintenance technology, integrated quality control systems, and integrated
control of processes from order receipt to product shipment through the use of
computer systems. Even before the oil crisis, process continuity had been
realized to a considerable extent.
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(4) Efficient utilization of by-product gases

The final area of energy conservation in which the Japanese steel
industry had made significant advances before the oil crisis is the
utilization of by-product gases. As I explained earlier, because huge amounts
of coal are used by the industry, large volumes of by-product gases are
generated in the production processes. These by~-product gases contain fairly
large quantitiPs of energy. Coke oven gas, for example, contains 4,600
kcal/Nm and blast furnace gas contains 700 kcal/NM Steelmakers also
supply gases for cooperative electricity generation and to outside electricity
generating authorities. Effort has also been made to use these gases as fuels
for reheating furnaces and steam boilers. As a result, practically all
by-product gases are utilized today.

Thus, even before the first oil crisis the Japanese steel industry had
established a fairly advanced energy-efficient production structure, which is
one consolation for the industry. Had the first oil crisis occurred in the
early 1960s, the Japanese steel industry would have suffered untold hardships,
and its very existence might have been in Jjeopardy.

3. Impact of oil crises and promotion of energy saving
(1) Coping with three problems

The impact of the nil crises on the steel industry was felt first in the
form of cost increases.

Secondly, the steel industry entered a long period of shrinking demand.
The business climate has continued to be extremely adverse especially since
the second oil crisis.

The apparent crude steel consumption by industrial countries was about
430 million tons in 1973 but was 308 million tons in 1982. It is forecast at
314 million tons this year, a level 100 million tons lower than that in 1973,
Globally, apparent crude steel consumption was about 700 million tons in
1973, It dropped to 655 million tons in 1982 despite some increases in
certain developing nations and communist countries. The projected figure for
this year is 667 million tons according to IISI. Thus, it appears that the.
steel industry will continue to suffer from difficulties for some years to
come. Exhibit 6.
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This long slump in steel demand also brought about the problem of huge
excess preduction capacity. This excess capacity has forced the industry into
low operating rate and, in turn, caused a sharp rise in fixed costs.

Thirdly, changes in the demand structure, accelerated by the oil crises,
have forced the Japanese steel industry to shift rapidly from quantity to
quality. Accordingly, the industry has faced keen competition in the

development of higher quality prnducts.

For the past decade the steel industry has been trying to cope with

these three problems.
(2) Erergy saving

Faced with the oil crisis, the Japanese steel industry decided to deploy

manpoweT and funds to energy-saving projects.

While the specific energy consumption per ton of crude steel was 5.41
Gecal in fiscal 1973, when total crude steel production was 120 million tons,
it was reduced to 5 Geal in fiscal 1981, when total crude steel production was
103 million tons. More precisely, after adjustment of consumption based on
the operating conditions of 1973, the specific energy consumption figure
becomes 4.64 Gecal for fiscal 1981. This figure shows a level about 14% lower
than attained 8 years ago. If these figures are added up, the cumulative
energy savings would amount to 36 million kl of o0il equivalent. Also, the
consumption of oil and oil derivatives was 15.5 million k1 in fiscal 1973, but
was brought down to 4.3 million kl in fiscal 1981, a reduction of about 70%.
Exhibit 7.

4. Energy-saving management systems in Nippon Steel

Next, I would like to describe how such energy-saving projects were

promoted and managed.
(1) Setting corporate targets
First, ambitious corporate taryets were set and informed to all

employees. Then, they were broken down for individual plants and mills by the

plants concerned.
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(2) Management system established for the saving of energy

In addition to the conventional general management systems for
controlling budgets, costs, technology, etc., a new general management system
for controlling energy use was established to enhance the organizational and
administrative aspects of energy-savings.

(3) Training

Many people were trained in energy-saving technology and became expert
in this field. This group of experts carried out not only the analysis of
complex eneryy consumption characteristics but also cooperated with plant and
mill personnel in systematically identifying a large number of areas where
energy could be saved.

(4) Integrated enerqy demand-supply management

The computer-aided energy demand-supply Information Control and
Management Center was reinforced for integrated and detailed control of energy
demand and supply.

These four systems have been very effective in promoting
energy-savings. In the application of these systems, however, the development
and introduction of measuring equipment and sensors for the accurate detection
and understanding of complex energy flows have played an exceptionally
important role in the advancement of technology for energy analysis,

5. Energy-saving methods and their effects

Now, I would like to examine the various methods of saving energy and
their effectiveness.

(1) Improvement of oocerating methods
The first energy-saving efforts were directed at improvement of
operating methods. A reduction in energy losses from daily operation was

sought by changing operating conditions to those designed to maximize energy
efficiency, in order to eliminate energy waste. Improvement of operating
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methods required little investment, but promptly produced significant energy
savings. Maturally, in order to succeed, this method requires constant
technical studies by superintendents and technical staff. And in this study
the Japanese steel industry was greatly aided by the self-motivated
improvement activities : iiled Jishu Kanri or J-K activities.

(2) Selective investments in energy-saving equipment and facilities

The second method of saving energy was through the promotion of
investments in enerqy-saving equipment and facilities. With the sharp
increase in energy prices, the profitability of some equipment investment
proposals which used to be considered low rose substantially. Hence, all
technically possible actions in all processes were studied. And a very
stringent standard was formulated to assess the economics of each possible

investment.

The business climate was so depressed that no increase in production
capacity was sought, instead, temporary equipment shutdowns were considered,
The investment recovery periods were fimally set at 1 - 2 years for
small-scale investments and 2 - 3 years for large-scale investments. In order
to meet these standards, extensive efforts were made to develop new equipment
technology. Thus, we believe we have made some very efficient energy-saving

equipment investments.

These equipment investments cover a wide range from relatively
small-scale investment in automatic combustion control systems for reheating
futnaces to large-scale investments in power generating equipment run by the
energy of recovered sensible heat of hot coke. At Nippon Steel alone, there
were 1,000 large investment items in 150 different fields, requiring a total
investment in excess of 100,000 million yen (about US$400 million). The total
amount invested by the Japanese steel industry as a whole is estimated to be
over 300,000 million yen (about US$1,200 million).
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(3) Rationalization and modernization of large-scale equipment and

facilities

The third method of energy-saving is extensive rationalization and
modernization of equipment, or the replacement of obsolete equipment. Because
investments for these purposes were directed primarily toward achieving
improvements in productivity, product guality, and costs, many new
techiolor,ies were incoropnrated in the equipment for which investments were
made. These investments yielded additional benefits in the form of
energy-savings. For example, large.energy savings have been realized by
investments in the continuous casting process, the continuous annealing
process, development of advanced galvanizing processes, and the replacement of
steelmaking plant equipment, hot and cold rolling mill equipment, etc.

(4) Major technologies that contributed to energy-saving

Now, I would like to mention briefly those technologies that have

contributed most to energy-saving.

Technologies employed for reducing specific fuel consumption of blast
furnaces, recovery of converter waste-gas, improvement of electric arc furnace
operation, development of the continuous casting process, improvement of
reheating furnace operation in hot rolling mills, and recovery of various
kinds of waste heat produced about 90% of all energy-savings over the past 8
years. Exhibit 8.

(5) Shift of emphasis on energy-saving methods

As we review the energy-saving measures adopted over these 8 years, some
characteristic changes can be noticed.

The emphasis on energy-saving measures gradually shifted from the
improvement of operating technology to the improvement of equipment
technology. The contribution to energy-savings made by improvements in
operating technology was 55% in the first 5 years, but decreased to 13% in the
last 3 years.
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The weight of waste-gas recovery in energy-savings has been gradually
increasing in recent years through various equipment measures. While
waste-gas accounted for only 13% of all energy-saving investment in the

initial years, its contribution has now reached more than 80%.

As is clear from the foregoing, the economics of investments in
energy-saving equipment have been worsening each year. Viewed from a
different angle, however, this might be understood to mean that continued
energy-price increases over the years have necessitated investments in an
increasingly wider range of items. At any rate, we must rontinue cur efforts
to develop technologies for improving “he efficiency of energy usage. Exhibit
9.

6. Measures to reduce 0il consumption

I would like to examine some measures that have been adopted to reduce

0il consumption,

The difference in price between nil and coal was widened by the second
oil crisis. Therefore, measures to reduce oil consumption are very important

today.

A typical practice in this respect is the all coke operation of blast
furnaces. Conventionally, heavy oil was used in blast furnace operation for
about 10% of all tiasl furnace fuel. All of this heavy o0il was replaced by
coke in an attempt to lessen the industry's dependence on oil. Although this
replacement of oil with coal somewhat increased the total enerqy required to

produce steel, it has brought about a significant cost advantage.

Presently, most blast furnaces in Japan are fueled by coke, and new
operating techniques such as tar injection and pulverized coal injectnn have

been adopted in recent years.

The increase in the quantity of coke used in blast furnace operation
increases the volume of by-product gases produced. This by-product gas can be
utilized in various processes to replace petroleum fuels, and this has had the
effect of reducing oil consumption even further. As a result, oil and oil
derivatives consumption by the Japanese steel industry has decreased
substantially to about 4 million k1, only about 1.5% of the total heavy oil

consumed in Japan.



7. Outlook for energy-saving

(1) As the last topic of my address today, I would like to touch briefly
on the outlook for further energy-savings by the Japanese steel industry.

As mentioned earlier, steel demand outlook is not too bright. Japanese
crude steel production will continue at about 100 million tons for some years
to come. Hence, old and inefficient equipment and facilities will be closed
down or replaced. It can be assumed, therefore, that cost-competitive
integrated steelworks and steelworks based on small-scale but efficient
electric arc furnaces with distinctive features of their own will probably

survive,

It is also certain that energy-saving technologies will advance. Taking
all these into account, it is possible that energy consumption per ton of
crude steel produced by the Japanese steel industry may further decline from
the current level by up to 10%.

(2) Waste-heat recovery

To realize this, the development of new energy-saving technologies,
especially those for waste heat recovery, needs to be further encouraged, and
active invesments will be necessary. 1t is widely understood that
approximately 40% of enerqgy consumed in iron- and steelmaking is lost in the
form of waste heat, and only a small percentage of this waste heat is
currently being recovered. Huge investments will be required to recover wll
waste heat, but such recovery is not possible yet given the present state of
the art. Yet, the low level of present recovery needs to be improved. 1In
this respect, further technical development is earnestly needed. Exhibit 10,

Thus, because unresolved difficult problems are involved in attaining a
further 10% reduction in energy consumption, five or more years may be
necessary to realize this target.

(3)  Energy-efficient integrated steelworks

What needs to be pointed out at this Juncture is that if and when this
additional 10% reduction in energy consumption is realized, the only primary



energy to be purchased by an integrated steelworks will be coal. Naturally,
no heavy o0il consumption will be necessary. In addition, the electricity
required can all be qenerated by utilizing by-product gases or recovered

energy.

Then, the next stage will come where surplus energy will be generated
and sold outside the steelworks. Although even today some energy is sold to
outside users by Nippon Steel in the form of gas for electricity generation
etc., what is envisaged, are new forms of energy made possible by the
development of coal chemistry. Nippon Steel has been separating light oil,
middle distillate, pitch, tar, ethylene, hydrogen, etc., from coal tar and gas
from coke ovens, producing and selling various chemicals made from them.
Nippon Steel is now working on so-called Cl chemistry, i.e., the synthesis
of CO and hydrogen as raw materials for building basic chemicals as a

technical extension of coal chemistry.
(4) Expansion of coal utilization technologies

Compared to o0il reserves, coal reserves are plentiful and widely
distributed all over the world. Hence, a comparatively stable supply of coal

can be expected.

Past experience, however, has shown us that if the oil demand-supply
balance is disturbed, the coal demand-supply balance is also affected. The
steel industry is the industry which can use coal most efficiently. For this
reason, the industry is always eager to sczure stable supplies of coal. At
the same time, the industry needs to expand the range of usable coals to give
it greater freedom in the choice of types of coal.

The steel industry has been actively engaged in the research,
development and commercialization of the technology for formed coke
manufacturing, and technology for pulverized coal injection into blast
furnaces. Also technological development for non-coking coal or poor coking
coal utilization aimed at freeing the industry from reliance on coking coal is

underway.
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(5) Importance of scrap utilization

Another subject which should not be overlooked in connection with
energy-saving is the utilization of scrap. Scrap is an important iron
resource which, when used in steel production, can contribute to energy-saving.

Investments in social overhead capital and equipment investments in the
private sector increased rapidly in industrialized countries through the
1960s, and, as a result, the accumulation of iron and steel has increased

greatly in these countries.

In addition, the production of durable consumer goods such as
automobiles and electric appliances has reached a very high level in recent
years. The guantity of scrap generated in industrialized countries is
increasing each year. However, since iron and steel production cannot be
expected to rise in the foreseeable future, it is reasonable to assume that
the scrap demand-supply situation will continue to be slack for some years.
Accordingly, the scrap utilization ratio by the steel industry will probably
increase gradually, and the increase in scrap consumption will have the effect
of contributing to energy conservation.

8. Conclusion

(1) I have mentioned the energy-saving activities of the Japanese steel

industry.

Many years of strenuous efforts by the industry to improve its technical
standing in order to manufacture better quality and lower cost products have
resultec in great energy-savings. The three problems I outlined earlier that
face the industry have led to technical innovations in various fields which
have enabled the improvement of labour productivity, the reduction of specific
consumption of energy and raw materials, the improvement of various yields at
different stages of iron and steel production, the development of high quality
materials, the establishment of a fixed cost structure viable at low operating
levels, and so forth.

Nevertheless, energy is undoubtedly a subject which will require

constant attention from industrial societies and the steel industry in
particular.
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(2) Energy problems will rertainly have a large influence on the Ffuture
of the steel industry. Steel demands in developing countries are expected to
grow. The supply of steel produrts to meet this growth will depend on the
internal demand for iron and steel or energy conditions. If they are
unfavourable for domestic production, it might be advantageous to import iron
and steel products or semi-products. If, however, nydro-electric power or
natural gas is available at low cost, it may he suitable for these countries
to adopt a production system, perhaps the so-called mini-mill system coupling
a direct reduction facility and the electric arc furnace processes.

The integrated steelworks with blast-furnace iron-making as its chief
process, described earlier, will undoubtedly continue to he the main stream.
It should be remembered, however, that this production system required huge
investments. Also, steelworks based on new processes such as nuclear
steelmaking muy come intu being in the future. Much progress can still be

expected in iron and steel manufacturing technologies.
It should be realized, however, as I have been repeatedly pointing out,

that the future of the steel industry will he extremely tough., So, in
concluding my address, I would like to repeat, "Strike while the iron is hot"
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Exhibit 4-@ Energy Consumption by Japanese Steel Industry
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Exhibit 5. Progress of Ironmaking Technology in Japan
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Specific energy consumption (Gecal/t-Cs)

Exhibit 7. Energy-saving Results and 0il Consumption

in Japanese Steel Industry
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Exhibit 8. Effect of Typical Energy-Related Factors (Japan)
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Exhibit 9. Purposes of Investment for Energy-Saving
Equipment (NSC)
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RATIONAL ENERGY USE IN BRAZIL'S TRON AND STEEL INDUSTRY

Rosenval Jorge de Oliveira

Industrial - Metallurgical Engineer
Advisor to the Industrial Director
of the Companhia Sidertrgica Paulista
{COSTPAY

1. INTRODUCTTON

We feel that the topic before us is, and will long remain, extremely
important and timely now that the energy problem has, in the modern world,

added to its cconomic nature a heavily stratepic component,

The exchange of experiences fostered by this initiative of OLADE will
certainly bear fruit, since everything that we do in our lives may always
be imporved and the cxercise of reason is an inherent characteristic of

mankind.

In view of the fact that the select public present here is not confined
exclusively to the iron and steel industry, we shall endeavor to introduce
you, gradually and in laymen's terms, to this industrial sector, to cnable
you to better understand the actions that ave been planned and executed,
and their results.
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2, THE IRON AND STEEL INDUSTRY'S SHARE IN TOTAL PRIMARY ENERGY CONSUMPTION
IN BRAZIL

We believe that it is necessary to begin by identifying the iron and
steel industry's share in the country's cnergy consumption, to thereby afford
a fair, complete notion of its significance and enable you to grasp its im-

portance and influence in the country's ecconomy.

In 1980 the item of Pig Tron and Steel consumed 6 percent of all the
petroleun uscd for fuel in Brazil and was responsible for 7.2 percent of the

country's clectrical consumption.

In Figure 1, we can sce the participation of the different energy sour-

ces in Brazilian iron and steel manufacture during that same year (1980):

Coal, 46,3%
Electricity, 22.8%
Charcoal, 16,6%
Fuel 0i1, 11.4%
Coke, 1.6%

Natural gas, 1.3%

These data must be examined in light of the way in which those energy

sources arc utilized in steelworks.
3. [ENERGY FLOW IN STEELWORRKS
To better understand thc actions that have been executed, it is indis-

pensable that we all be familiar with tne way that the energy flow is pro-

cessed in our steelwork; and in this case, because of the ease in obtaining
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the corresponding data in the Siderbris group steelworks, we shall focus on

that group.

To make it easier to analyze, we shall divide steelworks into two large

sub-groups: 'non-coke' and '"coke".

Figure 2 shows the energy flow of the non-coke steelworks of the Siderbris

system, comprising the following companics:

Usina Sidertrgica de Bahia - USIBA

Companhia Siderdrgica de Mogi das Cruzes - COSIM
Acos Finos Piratini - A.F.P.

Companhia de Ferro e Aco de Vitéria - COFAVI

Of the above, the only one that has no reduction area is COFAVI, whose
flow begins in the steel mill; while the rest use direct reduction starting
with natural gas: the Hylsa process (USIBA), direct reduction starting with
coal, the SL/RN process (Acos Finos Piratini); and a integrated plant using
charcoal (COSIM).

We can note a great heterogencity in this group, due to regional encrgy
usc approaches; however, this constitutes greatest stumbling-block for the
climiniation of fuel oil.

The high degree of doemestic energy source usage is also worthy of note.

Figure 3 shows the "coke' steclworks group of the Siderbris system.

Here, coal cnters the steelworks through the coke oven, since coal is

not mechanically strong enough to withstand the weight of the load inside

the blast furnace.
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In the coke oven, coal undergoes fractional distillation which extracts
its volatile substances, producing a porous product known as ''coke', which

is mechanically strong cnough to the weight in the blast furnace.

The volatile substances extracted from the coal undergo a process of
chemical cleaning that extriacts the cokeworks' by-productos: toluene, benzole,
xylene, naphtha, and benzene. Aside from thesc, aflter the chemical cleaning
of the volatile substances, a combustible gasesous product is obtained and

recycled to heat the furnaces.
This gascous mixture is called "coke gas'.

The coal, now in the form of coke, goes on to the blast furnace to supply

the energy and reduced necessary to obtain pig iron.

Air injected through nnzzles combines with the carbon in the coke, form-
ing carbon monozide, which reduces the iron orc: other gascous forms arc

obtained from the reaction of the CO with carbon, giving off (0,.

Morcocver, the water that enters the furnace, as moisture, breaks down
into hydrogen and oxygen and mixes with the nitrogen in the air. [Finally,
that gasesous mixture, not having a2 reaction cfficiency of 100%, rises to
the top of the blast furmace, thereby becoming another combustible gascous

mixture, uscd internally for general heating.

That gascous mixturc is calles blast furnace gas. To be usable, it

must be physically cleaned of the particles that is contains.
The complementary need for heating fuel is met with fuel oil, the con-

sumption of which is reduced by recycling these two by-product fuels, coke

gas and blast furnace gas.
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4. BANKING OFF PRIORITIES

As a first step in reducing energy consumption, the following order of
priorities was established:

I. Reduction of consumption of fuel oil
II. Reduction of consumption of imported coal

I, Reduction of consumption of clectricity

The first two items on this list of priorities are ranked first for ob-

vious recasons.

The reduction of clectrical consumption comes third because we have

abundant, low-cost hydroclectric cnergy.

The latest major accomplishment in this sector was the completionof the
dam for the Ttaipd hydroclectric power plant, which 1 belicve that you have
all heard about. When this plant reaches full capacity, it will produce
cnergy cquivalent to 500,000 barrels/day.

5. STRATEGY
The following strategy was adopted:
I.  Elimination of waste

I1.  Tmprovement in the efficiency of cquipment

ITT. New, more cnergy-clficient projects

In order to clear up any doubts and better understand the intention of

these goals, we should like to explain that the first two goals include all
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actions that tend toward more rational energy use without additional invest-

ment, or with negligible investment.

The third item includes all those actions that imply large-scale changes

in projects and.  thercfore, call for significant investments.

We may affimm that, with very few exceptions, this last item has not

been implemented.
6. ACIIONS AND RESULTS

Of all the actions that have been exccuted, we shall sclect those that
really stand out, whether because of the principle iuvolved (as they must
be rational) or becawse of their quantitative results in energy consumption

reduction.

We shall subdivide this item into two groups for the sake of convenience

in presentation, and because the characteristics of the two groups do differ.

6.1 Steelworks in the private sector

. Elimination of losses
Elimination of consumption points
Improvement in thermal efficiency of existing equipment
Substitution of blast furnace gas for fuel oil consumption
points
Loading of hot pigs
Adjustment of furnaces

. Enrichment of the oxygen in combustion air

. Usc of the submerged blow process in Siemens Martin furnaces
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I feel it would be interesting to claborate a bit on this last action.

With this process, a 75% reduction in fucl oil consumption is obtained.
This means that a Siemens Martin®* furnace modified to use this process will

consume a yearly average of only 25% of the fuel oil that it consumed before
the modification.

Another extremely important characteristic is that productivity is
increased by 100%.

These data are contained in a paper presented in the TLAFA Energy Con-
gress held in Rio de Janciro in 1981,

The steelworks in this sector can be subdivided into two groups:

group B comprises the charcoal-using integrated steelworks (a plant
is said to be "integrated" when its units allow the complete process-

ing of the finished product, beginning with iron ore).

group C comprises the semi-integraved steclworks or those process-
ing scrap iron,

The results obtained are given in Table 1, in which we can sec that
during three years group B surpassed the commitment that it had adopted
with the Federal Government as a short-term goal, reducing the 1978 specific
consumption of 118 kg/t to 66.5 kg/t in June 1981, a 43.6% reduction.

The group C steelworks reduced their 1978 specific consumption of 93.1
kg/t to 67.9 kg/t in Junc 1981, a 27.1% decreasec.

* open-hearth
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6.2 Steelworks in the state sector - STDERBRAS

Elimination ol Losscs

This is a highly important action.
First of all a way was sought to reduce losses, which represent
totally winccessary consumption without any benefit to the produc-

tion process,

This climination process was applicd to all the fluid utilized

in the stecelworks.

For example, one reduced its consumption of steam by 10% when

it managed to climinate losses along its piping and systems.

Personnel Consciousness-Raising

It has been necessary to undertake large-scale compaigns to
achieve motivation within these firms, at all levels, with an cye

to reducing energy consumption.

. Specific Training for Operators

ALl operators have been briefed as to how they should perform
in order to achicve the greatest efficiency with the equipment
that they arc responsible for.

Furthermore, to motivate the operators, a sort of fucl/cneray-

consumpt ion-monitoring ‘nternal championship was held so that cach
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operator would vie with those of the other shifts to see who could

save the most.

. Improvement of Combustion Efficiency through adjustment of the

{urnaces

This was an activity the incentives for which increased in inten-
sity through analyses of offluent gases in the smokestacks, which
provided the indications neeessary for adjusting the stoichiometric
fuel/air ratin in the furaaces.

. Mcnitoring of Demand, Power Factor, and Load Factor
ing >

This item is mainly aimed at lowering the electricity bill.

. Effective Maintenance of Therma? TInsulation

This action was imperative because it involved energy losses,
both in the furnaces and in the steam lines.

Equiprient Efficiency Improvenent

This has been achieved through a constant, redoubled maintenance
effort,

Obviously well-maintained equipment performs much better than

equipment in poor operating condition.

. Improvement in Furnace Heat Insulation

In 411 necessary furnace insulation changes, the original fire-
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proofing plans were restudied and the most technically and econo-

mically advisable decisions made.

. Substitution of [lectricity for Petroleum Derivatives

As an example, we might mention the substitution of electric

motors for blower turtines in blast furnaces.

. Improved Furnace Utilization

Two examples of the attempt to load furnaces up to or--wherever
possible--beyond their rated capacity were D the increase in the
tonnage per run in the steeclworks, designed so as to reach the full
capacity of the ingot reheating furnaces, and 2) the increase in
plate lengths, which alsc increased the loading of the plate re-

heating furnaces.

. Increased Oxygen Injection in Blast Furnaces

This action has been accompanied by an increase in the fuel oil
injection in such a way as to improve the blast furnace's efficien-

cy, thereby achieving a lower fuel rate.

This practice was later eliminated in viewof high fuel oil prices

and decreased production duz to marketing difficulties.

Figure 4 portrays the reversion of imported coals and fuel o0il

prices which occurred in Brazil.

Automatic Analysis of Flue Gases
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. Adoption of External Desulphuration of Pig Iron

A1l the coke-using steelworks adopted this process.

Substitution of Oxygen Converters for Reverberatory Jurnaces

in Steel Production

Figure 5 shows the evoluticn of the participation of the dif-

ferent steel-making processes in Brazil.

Beginning in 1975, when the LD process was introduced into the
country, it increasingly supplanted the open-hearth process, which
has a large fuel oil consumption.

The LD process is advantageous in any country because of its
high productivity, and more so in Brazil, where that advantage is
enhanced by virtue of the use of a domestically-produced energy

source, electricity '"via oxygen'.

Figure 6 shows the participation of the diverse processes in
Brazilian steel production in 1980.

Adoption of the Continuous Ingot-Molding eauipment that ic
replaces and likewise uses only electricity, thereby eliminating

all the fuel oil copsumption.

Figure 7 shows the evolution of the percentage of national
steel production used by this process.
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. Gas Recovery from the LD Steclworks

Of the three existing coke-using steelworks, two recover this

gas.

Implementation of energy usc and distribution of monitoring

sttcms

This consists of the purchasc and installation of consumption-
measuring instruments that have been placed at the important points
that had hitherto had ro measurement capsbility or where the ins-

trumentation had, through long usc, become inonervative.

Depending upon the complexity of the energy set-up, computeri-
zation may yicld great beneflits. There is cne plant in the Sider-

brds group that owns twc computers for its energy flow monitoring.

Although there have been quite a few actions that we have not
mentioned, we feel that the measures described in this paper have

been the most representative and significant.

The specific overall consumption of primary energy sources is
commonly accepted, among other indexes, asapoint of reference for
energy cfficicency in the iron and steel industry.

Figure 8 shows the evolution of this indicator.

Given that this figure was 100 in 1976 and that it dropped to
75.2 by 1980, a decreasc of ncarly 25% occurred during this period.



Figure 9 reveals that, although liquid steel production has more
than doubled, the consumption of fuel oil used as a heat source was

curtailed in real terms by 34,19,
7. FINAL CONSIDERATTIONSG

Energy conservation is the cheapest, most efficient, and fastest way to
accomplish a reduction in cnergy consumption.  Morcover, it is a powerful
personnel motivation factor, as reflected in significant results, rewarding

the creativity of its originators with professional satisfaction.

Petroleum will remain unstable due to centuries-old political and ideo-

logical differences.
Oil prices will doubtlessly soar again in the not-so-distant future.

It has already been said that "the cheapest barrel of oil is the one

that we don't waste'".

For thosc countries that do not import petroleum, rational energy use
holds the advantage of increasing reserves, which is much less expensive

than exploring and producin from new reserves.
g

or countries that import petroleum, rational energy use is mandatory,
in view of not only the f(inancial and currency exchanges factors, but also

the highly important strategic component.
The ecnergy question is above all managerial. If it were otherwise, it

would be impossible to [athom how Japan, despite its own lack of petroleum,

passed unscathed through the tenpest that shook the world
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In energy management, planning is especially important.
Planning must be flexible cnough to adapt to junctural developments.

There are no curc-alls in the eregy scctor, which is why planning must

be adaptable to the nceds of cach user.

Although at the moment therc is a generalized inability to invest, it
is advisable to use this time to preparc plans that may be applied when the

situation allows.

Henceforth, morc than ever before, the encrgy issue will be on the list

of priorities for thosc who guide the world's trajectory.
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Figure 2 BASIC DIAGRAM SHOWING ENERGY INPUT AND CONSUMPTION
IN SIDERBRAS «NO-COKE» PLANTS - YEAR : 1980
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Figure 3

IN SIDERBRAS «COKE» PLANTS - YEAR : 1980

BASIC DIAGRAM SHOWING ENERGY INPUT AND CONSUMPTION
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Figure 4 PRICE TRENDS - FUEL OIL AND IMPORTED COAL
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Figure 7 DEVELOPMENT OF CONTINUOUS INGOT-MAKING IN
RAW STEEL PRODUCTION
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Figurs 9A DEVELOPMENT OF LIQUID STEEL PRODUCTION
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UNIT :

KILO OF FUEL OIL/ TONNE OF RAW STEEL

GROuP

CONSUMPTION

1978

TARGET

Jun 81

ACTUAL

Jun 81

REDUCTION

%

118

72,2

66,5

43,6

93,1

68,0

67,9

27,1

Table |

PRIVATE SECTOR PLANTS
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THE NEW ENERGY STRATEGY

1. PRELIMINARY CONSIDERATIONS

To give a firmer shape to the ideas put forward, this paper will now
concentrate on the position at a single plant - the Solmer works. This works
was chosen, first, because we were familiar with it, but also, above all,
because of its simple structure and because it has the most efficient energy
supply arrangements - with a high utilization rate for the blast-furnace

gas (for heating the coke ovens and operating the blowers) and its own power
station, which allows great flexibility when it comes to using the waste
gases. However, all this could apply equally, or at least in part, to the
-Dunkirk and Soltac works as well.

Table 1 shows the production forecasts made in the plan for the French steel
industry for 1986.

Note the following points:

(a) Coke production is running at full capacity, which implies a high heating
rate and the use of low-volatile coal. Incidentally, Solmer's coking
plant has one of the highest productivity figures in the world.

(b) The sinter plant output allows a sinter content of 80% in the charge
for the blast furnace, which is considered the ideal amount.

(c) The annual pig-iron output of 3.7 million tonnes is well below the
capacity of the two blast furnaces (4.2 million tonnes). Everything
depends on how the market moves in the short term.

(d) The figure for slab production (by continuous casting exclusively)
assumes self-sufficiency in scrap, i.e. that the works consumes all the
scrap which it produces but purchases none from outside sources. There
are technical and economic reasons for this choice. The hot-coal
production is therefore directly proportional to the pig-iron output.



(e) The works covers all its heat requirements from the coal burnt in the
' coke ovens, apart from small purchases of coke breeze and of other
sources of energy. Against this, the tar produced is sold to outsiders.

(f) The electricity bought in does not include the power yenerated on site
using the waste gases, which covers approximately 40% of total consumption
at this steelworks.

(g) Table 1 also shows the unit consumption per tonrie of coil and per
tonne of pig-iron. Where energy is concerned, all depends on the
balance within the pig-iron plant (i.e. the sinter plant, coke oven
battery and blast furnace), which is why it is important to express
all the figures in relation to onc tonne of pig iron. The energy
balance of the blast furnace becomes a key factor and is therefore
described in tie next Section.

II. OPERATIONAL DATA FOR THE BLAST RIRNACES

Together, the production figures for the coking plant - 1 480 000 tonnes of
dry, screened coke suitable for the blast furnace - and the planned blast
furnace output of 3.7 million tonnes suggest that the works has a supply of
exactly 400 kilogrammes of coke for each tonne of pig iron poured. Even
on the most optimistic hypothesis, this is far too little to produce one
tonne of pig iron. Something else is needed - either coke bought from
outside sources, or oil or coal injected via the tuyéres. Since the work
produces surplus rich gas, its basic plan is to inject the excess coke-oven
gas through the tuydres of its twin blast furnaces. Where different energy-supply
conditions prevail, however, the following alternative injectionOperations
could be envisaged:

(i) either the residual gas, after hydrogen has been extracted from the
coke-oven gas; or

(i) coal; we have assumed that injection of a 25%:75% water/roal mixture
would be more advantageous than pulverized coal injection bearing in
mind the energy-supply conditions at this works. Naturally, that is
assuming that the method is sufficiently developed, which remains to
be demonstrated. None the less by and large the conclusions drawn
in this study could be applied to pulverized coal injection too, if
need be.

Table II sets out the main operational data for the blast furnaces, as
calculated on a mathematical model of the IRSID blast furnace. Note that
the calculations assume that the gas in the throat of the furnace remains at
a constant 100°C in all cases.



It. is clear that:

(i) the level of injection is relatively modest in all the three cases
considered to avoid all combustion problems and to permit use of the
model ;

(ii} the key operational parameters (blast rate, gas flow rate and flame
temperature) are relatively close in all three cases. It is therefore
fair to imagine that it is possible to switch from one mode of
operation to another with minimum difficulty (assuming a constant
coke rate equivalent to 400 kg per tonne of pig iron). Mixed
injection could even be contemplated, with some tuyéres. fed with
gas and others with slurry;

(iii1) nevertheless injection of slurry tends to increase the heat consumption
slightly and to produce an appreciably richer gas (direct and indirect
overcharging with oxygen).

II1. REFERENCE POSITION: INJECTION OF COKE-OVEN GAS VIA THE TUYERES

As indicated in pages 877 to 890 of the November 1981 issue of the Revue de
Métallurgie, the current trend in the energy balance of modern integrated
steelworks is towards far lower heat requirements for operations downstream
of the blast furpace.

Overproduction of coke-oven gas is the inevitable result of this change, in
which everything plays a part, including:

(i) the general application of continuous casting;
(ii) the lowering of the heat requirements for the furnaces;
(iii) the charging of hot slabs;
plus
(iv) recovery of the converter gas.

This will be the situation at the Dunkirk works in 1986; it will be even more
marked at the Solmer plant with:

(i) low downstream heat consumption;
(ii) the coke ovens heated by gas mixtures with a low NCV;

(i11) steam blowers.
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Solmer overcame this problem and at the same time avoided the extremely
wasteful solution of burning the coke-oven gas in the power station by
injecting the gas into its two blast furnaces instead. We could then
calculate the overall energy balance for a given period - whether year,
month, day or hour. All the figures have teen related to the productinn
of one tonne of pig iron. Table III accordingly gives the consumption
of the various types of gas (coke-oven gas, LD-converter gas,
blast-furnace gas, and, in the case of the blast furnaces, oxygen) per
tonne of pig iron for cach of the main units in the works.

fhe following points should be noted:

(a) the Table does not indicate coal consumption in the coke ovens,
coke breeze purchases, oxygen consumption in the converter, nor
tar sales; these are all factors which will remain constant;

(b) the total consumption of residual gas is:

2150 thermies per tonne of pig iron

of which 912 thermies (42.4%) is coke-oven gas
170 thermies (7.9%) is LD-converter gas and
1068 thermies (49.7%) is blast-furnace gas;

(c) the consumption figures for each unit are those postulated
by the works for 1986. The figure of 300 thermies per tonne
of slab in particular represents a moderately ambitious
reduction; as charging of hot slabs becomes far more common,
a much bigger reduction should be attained.

(d) the main consumers of the coke-oven gas are, in order uf
consumption:

blast furnaces: 448 thermies (49%)
slabbing mills: 281 thermies (32%)
coke ovens: 103 thermies 1%

Consumption by the blast preheaters is negligible, since they
burn mainly LD-ccnverter gas and sensible heat recovered from
the flue gases.

This arrangement leaves 44 thermies which are not directly used,
but are burnt in the power station or cope with any increase
in demand.

(e) all the LD-converter gas is used to heat the blast preheaters;

(f) the blast-furnace gas is used in the most efficient way possible:

blast preheaters: 328 thermies (31%)
coke ovens: 252 thermies (24%)
blower: 202 thermies 197

The power stations consume most of the rest.
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To sum up, four conclusions can be drawn:

A. In 1986 - assuming self-sufficiency in scrap - Solmer will be
running entirely on coal for the specified level of pig iron
production; it will be buying electricity to top-up, but selling
the tar which it produces.

B. This situation implies making extensive use of the coke-oven
gas, practically half of which will be injected into the tuyéres of
the blast furrace. This rules out injection of any other sort. At
present, Solmer could not opt for coal injection, however much it
wanted to.

C. In these conditions the works supplies its power station

with enough surplus gas for an output of approximately 110 kWh per
tonne of pig iron - the equivalent of 48 MWh - saturating one of the
two gencrators and far beyond the minimum emergency power level
required.

D. Any improvement in the heat balance, whether achieved by
reducing specific consumption or by more widespread charging of
hot slabs, releases coke-oven gas which has to be burnt in the
power station for want of a better solution.

Nor do improvements in the heating efficiency to reduce the NCV
needed to heat the coke ovens bring any advantage apart from
substituting coke-oven gas for blast-furnace gas in the power
station.

In short:

In sharp contrast to the situation in Japan, the situation in france,
at a works such as Solmer, blocks changes of any kind in energy
supply conditions, since it precludes coal injection and gives
steelmakers no incentive to take any other energy-saving

measures.

IV. HYDROGEN EXTRACTION

As stated in the Revue de Métallurgie referred to above, extraction
of hydrogen for use outside the steelworks gives greater room
for manoecuvre in the energy balance of an integrated steelworks.

Without going into the details, suffice it to say that:
(i) recent studies based on solid industrial exparience have shown

that extraction of hydrogen fiom coke-oven gas by pressure=-swing
absorption (PSA) poses no pariicular problems provided
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certain precautions are taken at the gas compression stage.

(ii) There is no denying the general benefit of this operation from the
energy point of view, as compared with the conventional production
of hydrogen by steam reforming, since only electricity is consumed.

(ii1) What is more, extraction at high pressure (i.e. 24 bars) also
provides a means of recovering benzol with minimum difficulty.

For these reasons Solmer is now exploring the possibility of supplying a
refinery in fos with some 65 tonnes of hydrogen per day from its coke
oven battery.

Table IV gives a survey of the consequent rew erergy balance, based on
the following assumptions:

(i) Two-thirds of the coke-oven gas, i.e. 608 thermies per tonne of pig
iron, is compressed at 24 bars (a process which consumes. 29 kWh)
and then treated in a PSA unit with an output of:

(a) 32 thermies benzol
(b) 185 thermies hydrogen per tonne of pig iron.
(c) 391 thermies residual gas

The residual gas from the PSA unit is discharged for injection into
one of the two blast furnaces and the remainder is passed on to the
slabbing mill.

(i1) The coke-oven gas, LD-converter gas and blast-furnace are all put
to the best possible use, in the manner already described.

However, steps must be taken to compensate for the energy deficit brought
about by the decision not to inject gas into the second blast furnace.

We have assumed that these took the form of injecting slurry into the
second blast furnace and maintaining a coke rate of 400 kg per tonne of
pig iron, in line with the figures set out in Table II.

Table IV shows that:

(a) Of the 391 thermies of residual gas:
(i) 229 thermies are injected into one of the blast furnaces; and
(i1) 162 thermies are used in the slabbing mill.

(b) 0of the 304 thermics of coke-oven gas not treated by PSA:

(i) 119 thermies are used in the strip mill;
(i) 103 thermies in the coke-oven; and
(iii) 29 thermies in the sinter plant.

That leaves 52 thermies for the power station.



(¢) Otherwise, there is Llittle or no change for the LD-converter gas
and blast-furnace gas compared with the reference position.

This therefore points to the conclusion that:

A. Extraction of hydrogen from two-thirds of the coke-oven gas would

not only bring the direct benefit of hydrogen preduction but also would allow
of coal injection into one of the blast furnaces. Coal injection for

half of the pig iron output should he interpreted as meaning that

mixtures of residual gas and slurry could also be injected as an

alternative. This would be an interesting field for experiments with
different settings (and in particular a means of reducing the discharges

of rich gas to the power station), but we are not going any further along
this path for the time being.

B. To a certain extent the operation suggested entails withdrawing

the energy - previously injected (in the form of coke-oven gas) into

the tuyéres of one of the blast furnaces - from the energy cycle in

the steelworks and replacing it by a comparable supply of energy derived
from coal. It entaiis no further changes in the operation of the other
plant. Consequently, there is no technical risk. But nor is there
any prospect of technological innovation, apart from coal injection,
which would be a start at least. This solution leaves no openings for
other potential energy-saving installations.

c. To return to the nroblem of hydrogen as such, analysis of the
energy balances compared in Tables IIl and IV shows that extraction of
hydrogen results in:

(i) Extra consumption of 29 kWh per tonne of pig iron within the PSA
unit, a 12 @3 stp increase in oxygen consumption per tone of pig
iron, with, on the plus side, a 9.5 kWh increase in electricity
output from the power station; and

(ii) consumption of 33.2 kg of coal per tonne of pig iron poured and

the production of 185 thermies of hydrogen and of 32 thermies of
benzol.

Table V sums up the net result.

Production of one tonne of hydrogen results in:
(i) the consumption of 5 160 kg of coal and of 4 340 kWh of electricity;
(i1) the production of 520 kg of benzol.
The operation therefore appears to be an attractive proposition from
the point of view of:

(a) absolute energy supply; and
(b)Y containing energy conswnption.
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V. METHANOL PRCOWCTION AND USE OF ELECTRICITY

So far we have seen that simple extraction of hydrogen from two-thirds
of the coke-oven gas produced entails significant changes in the general
conditions at the steelworks. However, the introduction of coal
injection in one of the blast furnaces minimized the impact. In
practice, other combinat<ons are feasible, but we preferred to Look at
the question in a wider context.

Extraction of hydrogen has certain attractions in terms of the national
interest. However, these are less apparent to the steelmakers or even
to the oil company at the Fos site, where there is no obvious immediate
need for a new hydrogen production unit, whether to cover new demand or
to replace obsolete units. To make matters worse, the refineries
themselves, like the steelworks, produce a variety of waste products
and use them profitably on site.

This Section therefore places the problem in the wider context of
methanol production. J. Cordier has proposed such a solution for the
Usinor works. This Section simply transfers his scenario to Solmer.

Production of methanol from the waste gases from the steelworks is
tempting since:

(i) substantial expansion of methanol production is expected, with
heavy investment in this field in France;

(ii) the steelworks has extensive supplies of the two raw materials
required - H2 AND CO;

(ii1) as a liquid, methanol overcomes the problem of confinement to
the sterlworks, i.e. to the works site or to the larger industrial
estate as at Fos.

This Section therefore sets out from the premiss that:

(i) the works extract hydrogen (and of course benzol) firom as much
of its coke-oven gas as possible;

(ii) exactly the volume of LD-converter gas needed to supply enough €0
to give a stoichiometric ratio of 1 co: 2 H2 is recovered;

- 321 -



(ii4) the works suffers from a deficit of gas, or at least of rich gas,
. compared with the reference position; consequently, maximum
use must be made of blast-furnace gas as basic fuel;

(iv) against this background, there is a chance of a deficit in
blast-furnace gas, which would open up new prospects for technical
progress (including charging slabs while thet are still hot in all
cases, dry quenching and so on).

Table 'VI gives a specific example.

The new system entails briaging into service a dry quenching unit supplying
steam at high pressure (100 bars) direct to the blowers of the blast
furnaces. A new materials balance can be calculated, to allow for the
introduction of a new source of approximately 150 thermies per tonne of

pig iron and for the minimization of power station activity.

It can be seen that:

(a) some 88% of the cocke-oven gas is treated in the PSA unit to release
243 thermies of hydrogen, corresponding to an output of 67.5 kg of
methanol (and 43 thermics of benzol) per tonne of pig iron produced;

(b) following treatment in the PSA unit, the waste gases are essentially
injected into the two blast furnaces, which require no further fuet.
The remaining waste gas is channelled to the slabbing mills.

(c) The 12% or so of the coke-oven gas not treated in the PSA unit is
passed on to:
(1) the coke-oven heating system;
(ii1) the sinter plant; and

(111) the slabbing mills.

Note the proportion c¢f the coke-cven gas used to heat- the coke ovens.

We assumed that the progress in automatic heating of the ovens would make
it possible to reduce the NCV of the gas mixtures used for this purpose
at the Solmer works to 800 kcal/m3 stp.

(d) Extensive use is made of the blast-furnace gas in the blast preheaters
and in the slabbing mills. This would necessitate technologicat
changes in both (particularly in the slabbing mills), though this is
another problem. It would also entail massive use of oxygen to keep
the flame temperature at the reference level.
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(e) The total volume of oxygen therefore becomes an important factor with:
(i) 48 m3 stp/tonne of pig iron required for the blast preheaters;
(ii) 19 m3 stp/tonne of pig iron for the blast furnace;

(111) 47 m> stp/tonne of pig iron for the slabbing mills.

This far surpasses the current production capacity of the works.

A new oxygen unit would therefore have to be constructed, though the
oxygen could be of appreciably lower purity than that used for conversion.

(f) Finally, this system leaves little to supply the power station and
for electricity gencration there. It would therefore entail a
substantial increase in electricity consumption to meet the standard

requirements of the works.

Using the same presentation, Table VII shows the energy requirements fer
methanol production.

For want of further data, we have assumed that the hydrogen and
Lb-converter gas are supplied to a methanol production unit on the work
site, with:

(") the hydrogen in the form of pure hydrogen at 24 bars; and

(i) the CO in the form of untreated LD-converter gas at low-pressure.

That said, the figures show that:
(i) it is possible to produce 67.5 kg of methanol plus 4.3 kg of

benzol in return for consumption of 102 m3 stp of oxygen and of
134 kWh per tonne of pig iron; or, put differently,

(i1) production of one tonne of methanol entails consumpticn of
3 040 kWh, though, on the plus side, 64 kg of benzol is produced
at the same time.

To sum up, the following conclusions can be drawn:

A. Methanol production fits in perfectly with the activities of an
integrated steelworks for which the operation is an attractive means of
exploiting the hydrogen in the coke-oven gas and the CO in the LD-converter
gas.



B. Opening up the works in this way allows a bold policy of using the
blast-furnace gas, doped with oxygen.

C. Utilization of blast-furnace gas in this way creates a need to tap new
potential sources of energy, for example to dry-quench the coke.

D. This results in increased electricity consumption, linked with:

(i) the power needed to extract the hydrogen;
(ii) oxygen production;

(i11) the lower level of activity in the power station.

AlLL this is a good example of greater penetration by electricity with a
view to producing hydrocarbons.

Finally, note that this system employs exclusively conventional methods,
all based on highly-reliable technology.

VI. METHANOL PRORDUCTION AND USE OF COAL

However tempting the c<ystem described above may be on the purely
intellectual level, it is not without its shortcomings:

(i) It makes extensive use of electricity, which is still an expensive
source of energy for much of the year;

(i1) It reqguires heavy investment in dry quenching, in the tonnage oxygen
plant, in technological adjustments to the blast preheaters and,
above all, to the slabbing mills.

Assuming that coal remains the cheapest source of energy, at least for

the next few years, an alternative system could be contemplated, once again
with coal injection via the tuyéres of the blast furnace. We will
therefore now look at the same basic system for the coke-oven gas, with

the exception that no residual gases are injected through the tuyeres.

This provides the works with a large surplus of rich gas to burn in the
blast preheaters and slabbing mills.

Table VII shows that:

(a) The vclume of coke-oven gas treated remains the same, though in this
case it would be possible to increase the output of treated coke-oven
gas (whereas in the previous case a flow of rich gas to the slabbing mills
had to be kept up to maintain the heat balance for the rich gas/producer
gas/oxygen).
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(b) Dry quenching has also been retained. In fact this is purely
for comparison with the previous example, since with the surplus
gas available the dry-gquenching unit is not necessarily warranted
in this case.

(c) There are no particular technological difficuities. There is a
substantial surplus of rich gas for burning in the power station -
an acceptable solution in winter. There is also a substantial
surplus of blast-furnace gas, which likewise poses no problem.

Now we can pru<eed to establish a summary identical to the other
one for methanol production.

Based on the same hypotheses as the previous Section (see Table VIII):

Consumption of 5.4 kg of coal combined with 17 m3 stp of oxygen per
tonne of pig iron yields 67.5 kg of methanol, 4.3 kg of benzol
plus an extra 33.2 kwWh of electricity,

Consequently, 984 kg of coal is needed to obtain one tonne of methariol
with this system, though 64 kg of benzol and 316 kWh of electricity
is also produced in the process.

This is therefore another attrative system for deriving methanol
(and benzol), this time with the aid of coal.

Perhaps the chief attraction of the system is that it does not
conflict with the previous one. e know blast-furnace operators
well enough to be sure that they would be prepared to contemplate
seasonal operation, i.e.:

(i) during the "summer" season, of severn or eight months, gas
would be injected via the tuyeéres; and

(ii) during the "winter" season, covering the rest of the year,
coal would be injected.
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We are convinced that they would be prepared to accept this adjustment,
provided they received assurances that there would be no change
in the:

(i) coke rate, which is an essential precondition for maintaining
a stable gas flow; or

(ii) production rate.

The system has two further consequences.
1. Injection of siurry is far preferable in this system since:

(a) It is adopted only in winter, when there is no problem exploiting
the gas - on the contrary.

(b) The investment costs are far Lower.

2. Dry guenching is also put to good use, releasing blast-furnace
gas for heating purposes in the summer and for etectricity generation

in the winter.

Finally, this system does not preclude adopting a hybrid solution
all year round, with simultaneous injection of residual gas and
coal into the two blast furraces, and with facilities for modulating

the input:

(a) either on a seasonal basis, with coal predominating in winter
and residual gas in summer; or

(b) dinstantaneously (for the blast furnaces) to adjust to the
energy supply conditions of the moment.

This would be a remarkabie new role for the blast furnace, which
would regulate the energy supply in the steelworks. Admittedly,
the operators remain to be convinced.
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SUMMARY AND CONCLUSIONS

Once the investment and technical progress programme provided for
by the new plan for the steel industry has been fully implemented,
integrated steelworks in France will -find their efforts to save
energy blocked, since they are all directed towai'ds the generation
of electricity.

To take one example, by 1984 a works such as Solmer will be producing

a substantial surplus of rich gas (i.e. coke-oven gas or LD-converter

gas), compared with the volume traditionally required by its blast
preheaters, slabbing mills, etc. One solution is to inject the

surplus coke-oven gas (almost half the total production) via the

tuyéres of the blast furnace. This solution has two immediate consequences:

1. It rules out coal injection and the considerable benefits which
it brings.

2. It provides no incentive for any further effort to save energy,
since any savings made would automatically add to the surolus
of electricity.

Opening up steelworks to the outside world - in other words, allowing
them to supply some of the energy from their rich waste gas to

other industries - allows considerabie roon for manoeuvre. These
energy sales permit:

(i) the introduction of coal injection for all or part of the
pig-iron production; and

(i) substantial purchases from EDF, both directly (i.e. for compression
and for oxygen production) and indirectly (i.e. since the
increased use of blast-furnace gas as a fuel leads to a corresponding
reduction in the volume of blast-furnace gas burnt in the
power station).

Two methods of opening up the works were considered:

1. Extraction of hydrogen from the coke-oven gas to supply a refinery
on the perimeter of the Fos oil complex. This operation allows

coal injection through the tuyéres, but is not enough to cause

any profound changes in the energy supply conditions at the works.

It is a simple operation drawing on proven methods and a suitable
first step in a more ambitious development plan.
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5. Production of methanol from the. hydrogen extracted from the
coke-oven gas combined with the CO from the LD-converter gas.

This more far-reaching intervention in the energy balance of the
works allows a more ambitious policy: above all, the intensive

use of blast-furnace gas as the basic fuel for the various mills
and furnaces creates a new situation, with the steelworks suffering
from a deficit of producer gas. This opens up an opportunity

to exploit new potential for encrgy-saving, for example by
dry-quenching of the coke.

Outside topping-up supplies would also have to be called on:

(1) electricity, in view of the intensive use of oxygen and of
the drastically-reduced potential for on-site generation;

(i) coal for injection via the tuyéres of the blast furnances.

Far from running against one another, we feel that these two solutions
could complement cach other harmoniously:

(a Electricity could be used during the seven or eight "hot" months,
when the kWh price is low enough to make electricity competitive;

(b) Coal could be injected during the four or five "cold" months.

Table X sums up the main results. It shows how the primary energy
(electricity and coal) is converted into more complex forms (H., for

the refinery or H, and CO for methanol production) as it passesS

through a conventional steelworks employing each of the methods examined.

Our detailed analysis of the different systems points to two conclusions:

1. ALl the cases examined use only highly-reliable proven methods;
the only problem is to fit the pieces of the jigsaw together to give
a rational pa‘tern;

2.' The primary energy is converted into more complex forms exceptionally
efficiently since, with the exception of the electricity used for
mechanical purposes (such as the compression stage of hydrogen

extraction or for hydrogen production) no heat is Lost other than

in the inevitable ways.

The comments made on the Solmer works hold true for the Dunkirk and
Sollac plants as well. France's three largest steelworks are ideally
placed for further energy improvements, all in line with the broad
thinking underlying the national energy policy.
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TABLE

MATERIALS BALANCE

SOLMER 1986

OUTPUT PER UNIT
000 t
SINTER 5300
COKE
TOTAL 1680
BF 1480
PIG IRON 3700
SLABS 3625
HOT COILS 3550
ENERGY_PURCHASES
2000 t
COAL 2160
(dry)
COKE BREEZE 40
SCRAP -
OTHER FUELS
ELECTRICITY vl Guh
ENERGY SALES
T 2000 t
TAR 62,6 KT

~ 329 -

per tonne of
coil

(kg)

1480

417
1042
1022

1000

1990 toe

1663
28

6

54, 2

per tonne of
pig iron

(kg)
1440

400
1000
380

959
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TABLE I

OPERATIONAL DATA FOR THE BLAST FURNACES

- B o WATER (25%)
METHOD COKE-OVEN WASTE COAL (757)
OF INJECTION GAS GAS MIXTURE
(SLURRY)
BLAST TEMPERATURE (°C) 13G0 1300 1300
MOISTURE CONTENT OF THE 10 10 10
BLAST (g/m3 stp)
COKE RATE (kg/tonne of 400 400 400
pig iron)
*
INJECTION (kg/t) 41.6 54.5 66.4
(thermies per
tonne of pig L4L38 458 485
iron)
NATURAL BLAST (m> stp per 939 830 316
tonne of pig iron)
02 m3 stp/tonne of pig 11.9 1.3 29
iron
FLAME TEMPERATURE (°C) 2245 2250 2269
VOLUME OF GAS (dry) 1420 1423 1430
m3stp/tcnne of pig iron
LATENT HEAT (thermies/ 1068 1078 1080
tonne of pig iron)
NCV kcaL/m3stp 75L 758 765

*BRY coaL



Table 111
CASE 1

INJECTION OF COKE-OVEN GAS INTO BOTH BLAST FURNACES

per tonne of pig iron

COKE-OVEN GAS LD - CONVERTER GAS BLAST~FURNACE GAS

912 th 170 th 1068 th

l

COKE OVENS

103 el 252

SINTER PLANT

29 29

BLOWER

202

202

BLAST PREHEATERS

170
! 505 [———

328

02
12 n* stp
BF

448 \:“8

STEELMAKING PLANT + STRIP MILL

281 299 18

e —— |

POWER STATION

bl 312 268
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Table [V
CASE II

EXTRACTION OF H2

INJECTION OF WASTE GAS INTO ONE BLAST FURNACE

INJECTION OF SLURRY INTO THE OTHER BLAST FURNACE

per toane of pig iron

COKE-OVEN GAS

LD~ CONVERTER GAS

BLAST~FURANCE GAS

912 th 170 th 1084 th
304 .
2 i PSA 103 COKE OVENS 267
~=--= 608 355°
benzol
32 SINTER PLANT
H2 23 29
185
BLOWER
198 198
391
BLAST PREHEAT
Oz SOOE ERS 170 130
24 m3 stp
\ BF
coal 229

O0000 OO0 0|00

243 th

00000 Ood

STEELMAKING PLANT + STRIP MILL
162

228

18

295

19

52

POWER STHTION

286

338
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Table v

HYDROGEN EXTRACTION

per tonne of pig iron

12 m3 stp O2
+19.5 «un =
-+ 332 kg coal

72 m3 stp/H,3

+ 32 kg benzol

per tonne of hydrogen

1 tonne H, =

4.340
+ 5160 kg coal
- 520 kg benzol

I 03 stp 0, =07k
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TABLE VI

CASE i

11

METHANOL PRODUCTION
INJECTION OF WASTE GAS INTO BOTH BLAST FURNACES

per tonne of pig iron

DRY JUENCHING

146 th -
COKE=OVEN GAS Lb ~CONVERTER GAS FURs;L\;c\E GAS
912 th 170 th 1078 th
] 27
N
PSA . . COKE OVENS 320
38 ez 35 355
benzol
43 SINTER PLANT
29 29
243
methanol |2 143 BL;’;EZR usl e
386 7co 0,
T]Amjst ~
516 i @\amm PREHEATERS c07
502
\19\
BF
458 458
kSTEELMAKING
AG PLANT & STRIP MILL
799 185
58
POUER STATION
42

[ (I
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TABLE VIl

PRODUCTION OF METHANOL
CIN ADDITION TO THE ENERGY FOR STEELMAKING)

WITH THE AILD OF ELECTRICITY
per tonne of pig iron
102 msstp 02 675 kg methanol
+ 13[& kWh + [;3 kg -benzol
per tonne of methanol
1000 kg méthanol
3040 kWh =

+ B4 kg benzol
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TABLE VIII

CASE 1V

METHANOL PRODUCTION

INJECTION OF SLURRY INVO BOTH BLAST FURNACES

per tonne of pig iron

- 336 -

DRY
QUENCHING
146 th
BLAST~FURNACE
COKE-OVEN LD -CONVERTER GAS GAS
GAS
912 th moth | 1090 th
110 : :
PSA COKE OVENS
20
38 0 35 355 3
[03 SINTER PLANT
29
23| | [T 29
H2 BLOWER
methanol 143 57 146 1
386 |+g
(575 kg)
516 BLAST PREHEATERS
329
170 199
02
3.,
29m str\ or
o] chag 0000000000 O0O0 O
485thermies
STEELMAKING PLANT
+ STRIP MILL 18
S —_l 229 —
POWER STATION '
\ \ e I g L ‘



Table. IX

PRODUCTION

OF METHANOL

(IN ADDITION TO THE ENERGY FOR STEELMAKING)

per tonne of pig iron

WITH THE AID OF COAL

17 n’stp 02
+ 66[, kg «coal

675 kg methanol
+ [53 kg benzot
33.2 «wh

per tonne of methanol

Q84 kg coal

1000 kg methanol
+6[, ka benzol

+ 316 kWh
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Table XI

CASE~BY-CASE

COMPARISON CF THE

H,
266.10% s tp

\UL

REFINERY

LD -CONVERTER GAS

cd' AR 929

ANNUAL ENERGY BALANCE
COKING COAL ('000 t) 2160;
COKE BREEZE L0 5
COAL INTO TUYERES ('00D t)
ELECTRICITY
GWh ’ ‘ .
j 610 123 682 1370 2L6 531
N : .
f Y ¥ A4 ¥ ¥ W
YPE OF INJECTION) cope—oven 6as WASTE GAS + WASTE GAS r oAl
HROUGH THE oot ) - 0
UYERES T CASE 111 cnst
CAS ASE 11
CK-UP PLAN CASE chse PSA PSA
BACK-1 ANT
-PSA DRY QUENCHING ' SRY QUENCHING
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2
! SHRE 3 K
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Rational Use of Epergy in the Iron and Steel Industry

"Experience with Blast Furnaces in Mexico"

Eli Campos Sandoval
Deputy Director
Altos Hornas S.A.
Mexico

Altos Hornos de México, S.A. (Mexican Blast Furnaces, Inc. - AHMSA) is
an integrated iron and steel industry, which along with the Fundidora de
Hierro y Acero de Monterrey and SICARTSA Companies, comprises the SIDERMEX

group of paragrovernmental companies.

Tne firm was founded in 1941, with the government as its major
stockholder alongside a minority of private capital; and the decision was made
to establish it in the city of Monclova in the border state of Coahuila,
approximately 1,000 kms north of Mexico City, the capital of the Republic.
This location was decided upon because. although the city was relatively
small, it had the greatest infrastructure that would allow access to coal
deposits, 100 kms. morth of town, and to iron ore, 340 kms. northeast, in the
neighbouring state of Chihauhua as well as to the water supply from the
Monclova River, so necessary for iron- and steel-making processes. Therefore,
in 1942 construction was begun on the largest iron and steel complex in
Mexico, and the second-largest in all of Latin America, with an original
capacity of 100,000 tons per year of steel, providing work for 1,364 persons

including workers, technicians and administrators.

At present, AHMSA has an installed capacity of three million tons per
year of steel in ingots in its Monclova plants; and equipment is under
construction that will increase this capacity to 4.2 million tons kper year in
the medium term. The plants in Monclova provide employment for 20,000 workers
as well as over 30,000 in the 38 integrated or associated companies included
in the AHMSA group in the north and center of the country. This has made the
company the most important factor in the development of the region of
Monclova, the population of which already exceeds 220,000 inhabitants; and it
is one of the correrstones of the country's industrial and economic
development.



The broad variety of its products may be summarized as follows:

- Hot-rolled sheet steels. For the shipping industry; manufacture of
piping, storage tank lids and the manufacture of structures for the

towers of electrical transmission lines.

- Cold-rolled, black sheet iron, mainly for the automotive and

appliance industries.
-  Sheet metal, for the manuracture of cans for the food industry,

- Rolled steel shapes, light and structural, round, nexagonal, sill,
corrugated bar, wire rod, angle iron, channel iron and standard
IPR-type beams for the metalworking and construction industries.

Its most important production departments are the following:

2 sintering plants;
1 pellet-making plant;
2 coking plants;
5 blast furnaces;
1 blast furnace steel mill;
- 2 B.0.F. steel mills;
2 continuous-batch machines;
1 sheet-steel hot-lamination department;
1 hot-lamination department for light and structural rolled shapes;
2 cold-lamination departments;
6 power plants;
3 oxygen plants;
- and production-support departments.

The processes employed generate substantial volumes of blast furnace gas

and coke gas which become an internal emergy supply for part of this company's

requirements,
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ENERGY USE POILICIES

Optimal use of all resources has been a constant concern for AHMSA since
it began operating. In lire with this poliicy, and with an eye to using the
secondary enmergy sources that an integrated iron and steel mill produces, all
the equipment that was originally designed to consume solid and/or liquid

fuels has been mudified.

For example, in its steam-generation plants, which initially ourned coal
and fuel oil, combustion systems have been installed that use coke gas and
blast furnace gas as their main fuel and natural gas and/or fuel oil as
back-up fuel. tikewise, its furnaces and reheating sows, burning diesel or
fuel oil, have been modified to use coke gas as their principal heat sourace
with natural gas as back-up.

Another very importint aspect is the recycling of the energy given off
by its electric gererators which apply "combined-cycle" heat-recovery systems
to permit the most efficient operation of these systems. Some of these
applications have been in operation since 1946 when the recycling of
internally-produced gases was begun. Since then, AHMSA has faithfully
followad its policy of optimization of the consumption of its own energy
sources; all its expansion projects have embodied this same philosophy.

As expansion plans increased the blast furnace facilities, the need for
a fuel dispatch center was soon felt. This center would ration fuels on the
basis of fluctuating availability and demand. In order to make maximum use of
the coke gas and blast furnace gas generated in the plant, this fuel dispatch
center began to operate in 1967. It centralized the measurement of the
principal variables to provide a basis for optimal distribution. Thus,
through the direct observation of these variables, gas losses to the
atmosphere were reduced to a minimum.

Under the same guiding principles, a "Load Dispatch Center" began to
function in 1972, permitting substantial savings through maximal use of the
palnt's installed capaicty for electric power generation.

Other equally important enetgy savings, related directly to the

production processes, include AHMSA's efforts to chaose the most efficient
equipment and processes, such as the following, which began operating in 1971:

_31;1_



A blast furnace with a 1,600~ton-per-day capacity that operates with
a TOP pressure of up tu 1.. Kg/cm2 and air blown in at l,lOOOC,

A steel mill based on three oxygen converters (ROF) with a capacity
of 75 tons/batch each.

In 1976 Plant No. 2 went onstream. It is practically an integrated
plant, operating in coordination with Plant No. 1, with the following

facilities:

A coking plant with a capacity of 2,300 tons/day of metallurgical

coke,

A blast furnace with a capacity of 4,800 tons of pig iron/day which
operates with a TOP pressure of 1.5 Kg/cm” and air blown in at
l,ZOOOC, with a (Paul Worth) uniform load distribution system.

A steel mill with an oxygen converter with a capacity of 125
tons/batch,

A two-line continuous-batch machine for slabs up to 200 x 1570 mm.,
A power plant with a 170 ton-per-hour boiler, a tuiboblower with an

air output of A,SOUmj/min., a 14.8-Mv turbogenerator run on gas
with a 50 ton-per-hour recovery boiler,

Currently, an iron ore concentrating plant with a capacity of 1,500,000

tons per year is being tested, as well as an iron pipelire 200 and 250 mm x

381.5 kms long, with the capacity to transport 4,500,000 tons of fine iron ore

per year.

In the third quarter of this year, the following equipment will enter

into operation:

A pelletization plant with a capacity of 3,000,000 tons per year,
A second oxygen converter with a capacity of 125 tons/batch;
A second two-lire continuous-batch machine for slabs of 200 x 1570

mn.
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By mid-1984 another iron ore concentrating plant will begin its
operations with a 3,000,000 ton-per-year capacity. Subsequently, 2 pig iron
desulphurizing plants will te installed and equipment will be installed and
modified in Plant No. 1 to improve the load distribution systems and work with
a higher temperature of blown-in air, as well as to increase the petroleum

injection rate in order to reduce the coke rate.
With these modifications, the steel production that was 100% cpen-hearth
Up to 1971 became only 35% oper-hearth and $5% BOF in 1983 and will be 30%

open-hearth and 70% basic oxygen furnaces by 1986.

THE PRESENT ENERGY CONSUMPTION SITUATION

Apendices II and IIA show the fuel distribution balances prepared on the
basis of a 1983 production rate projected at 2.75 million tons of steel/year.

Heat is gererated by employing the following fuels in the proportions

shawn:
Fuels generated in-plant:
Furnace gas 21.1%

Coke gas 16.8%

Fuels pruchased outside:

Natural gas 58.6%
Fuel oil 3.1%
Diesel 0.4%

These fuels are distributed among 19 production departments which
include over 450 heat-energy-consuming units. The table in Appendix I
summarizes the different distribution alternatives.

Under these conditions the estimated cost of fuels purchased for the
present year will be in the order of 4.289 billion pesos on the basis of

prices supplied by PEMEX for this period.

It should be pointed out that if in-plant fuels were not recycled, the
AHMSA fuel costs would increase Dy some 2,628 billion pesos.
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The 1982 fuel combustion rate per ton of steel produced will be as
follows:

Heat supplied by purchased fuels: 3.47 Million Kcal/ton 36.4%
Heat supplied by self-gererated fuels: 2.12 Million Kcal/ton 22.2%

Heat generatev vy metallurgical

coke: 3,95 Million Kcal/ton 41.4%
Total heat consumption: 9.54 Million Kcal/ton 100%
Net heat consumption: 7.42 Million Kcal/ton

FUTURE PLANS

Fuel use. Following this same policy, and with the purpose of absorbing
the surpluses of coke gas and furnace gas that will be generated in the
future, AHMSA has decided to purchase additional equipment to generate steam
and electricity for which these surpluses will be purchased as a fuel supply.

The energy distribution balances summarized in Appendices III and IV
show the results forecast for a production level of 4.2 million tons/year of

steel ingots in the Monclova plants.

Under these conditions, AHMSA's outside fuel costs are estimated to be
on the order of 6.857 billion pesos per year, based on average 1983 prices.
Again, it should be stressed that if its own fuels were not tapped, fuel
costs, estimated on the same basis, would rise by approximately 6.329 billion

pesus per year.

Erergy distribution control. Due to the large number of energy-
consuming equipment in operation, preliminary studies are being prepared for a
project involving the purchase and installation of the equipment necessary to
implement an "Ener: s Distribution Center" to complement the present
electricity and fuel distribution centers.

Applying the most advanced technology, this system would pasically
obtain, process and visualize data in its first phase before later applying a
distvibuted digital control system for direct control of the most significant

variables,
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This distribution center is planned to integrate the control of
electricity and fuel distribution - functions which are currently performed
separately, though in coordination. It is also planned to include within the
proposed system the control of the distribution of other vital fluid inputs,
such as: oxygen, nitrogen, water, steam and service air. With this system the
Capacity and flexibility characteristic of these systems will be fully tapped.

AHMSA cannot discard the other possibilities for savings in the
consuming units themselves., To this end, studies have been prepared regarding
the installation of heat Tecovery systems in re-heating ovens and sows.

The installation of this equipment will allow savings of approximately
25% in fuel consumption, the equivalent of 72 million Kcal/hour and 293.8
billion pesos per year, on the basis of current prices of purchased fuels.
These projects are at present in the phase of feasibility analysis. (See
Flowchart No.&, Appendix V).

Continuous combustion 9as analyzers will shortly be installed to monitor

the oxygen content of exhaust gases. The next step will be to incorporate
these variables into the instrumentation systems to monitor the air/fuel ratio,

This equipment will initially be installed in boilers and slab reheating
furnaces.

ENERGY SAVINGS IN COMBINED CYCLES

Five combined cycles of gas turbines and recovery boilers have been
installed for operation to date. These boilers use the turbine exhaust gases
to produce 143 tons/hour of steam which generates 27,000 kW of electricity.
The estimated saving is in the order of 106.7 Million Kcal/hour, representing
an annual savings of 438 million pesos at current prices,

A combined cycle began operating in 1959 using an 8,100 kW gas turbine
and a 65 ton-per-hour steam boiler (See Flowchart Wo. 1). The turbine exhaust
gases, 317,000 Kg/hour at a temperature of 388°C, are distributed as follows:

79,000 Kg/hour are used as combustion air for the boiler and the
remaining 238,000 are mixed with the boiler combustion gases, passing through
the economizer to heat the water fed to the same unit. The annual savings

with this system are 72 million pesos.
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In 1965 another combined cycle was put onstream with a 20,060 kW gas

turbine and & 27 ton-per-hour steam recovery boiler. (See Flowchart No. 2).

The gas turbine exhaust gases (470,000 Kg/hour at BDOOC) pass to the
boiler, mixed with the superheater exhaust gases. The annual savings with

this facility are 58 million pesos.

In 1976, a combined cycle began operation using a 14,800 kW
blast-furnace gas turbine and a 50 ton-per-hour steam recovery boiler to feed
a 10,000 kw steam turbogenerator. (See Flowchart No. 3).

The turbine exhaust gases (631,440 Kg/hour at 400°C) are fed directly

to the boiler. The total yearly savings are 148 million pesos.

In 1977 more combined cycles entered service with two 15,500 kW gas
turbines and two 3Y ton-per-hour steam-recovery boilers to feed a 10,000 kW
turbogererator. (See Flowchart No. 4).

The turbine exhaust gases (420,000 Kg/hour at 390°C per unit) pass
directly to the respective boilers, The total yearly savings with this system
are 160 million pesos.

The near future foresees the installation of two 56 ton-per-hour boilers
that will form a combined cycle with two 24,500 kW gas turbires that recently
began operation. With this system it will be possible to recover 83.8 million
Kcal/hour, representing a savings of 346 million pesos per year at present

fuel prices.
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Appendix |

FUEL DISTRIBUTION ALTERNATIVES

DEPARTMENT

BLAST -
FURNACE
GAS

COKE
OVEN
GAS

NATURAL
GAS

FUEL OfL

DIESEL

COKING PLANT

SINTERING PLANTS

BEAST FURNACLE

STECL-PLATING H.A,

STEEL-PLATING B,0.F,

ROUGHING PIT

STRIP FTURNACE.

PLATE FURNACES

ROUGHING PIT 2

BILLET FURNACE

WIRE ROD FURNACE

HEAVY PRODUCTS FURNACE

ANNEALING FURNACES

POWER PLANT No, 1

POWER PLANT Mo, 2

POWLR PLANT No. 3

POWLER PLANT No, 4

POWER PLAMT No, %

POWER PLANT No. 6

MISCELLANEQUS

(F) FUTURE
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Appendix It

DIESEL

KCAL KCAL PER TO:
M3 PER DAY PER DAY en DAY %o
(*000) {*4ILLIONS) {HILLIONS) HEAT
BLAST TURNACE GAS th, 629 3,013 4 21 .
FUEL PRODUCED
IN THE PLANT COKE OVEN GAS 1,631 7,179 Cc 93 16.8
TOTAL 16,192 2 12 37.9
MATURAL GAS 2,962 25, 061 3.27 58.6
FUEL FUEL DIL 145 1,328 o 17 3.
PURCHASED
20 i 81 0. .05 0.4
26,570 3.47 62 .1
PRODUCED + PURCHASED T0TAL 42,762 5.59 100.0
| 1004 FUEL CONSUMPTION BASED ON 2.75 MILLION TONNES OF STEEL PER ANNUM
W -
4=
w
I -
- DIESEL
o/u ™
BLAST-FURNACE  COKE OVEN TOTAL FUEL NATURAL FUEL OIL DIESEL TOTAL FUEL TOTAL
GAS PRODUCED GAS PURCHASED CONSUMED
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Appendix LI .
M3 PER DAY  [KCAL PER pay| KCAL PER TON %o
("000) (MELLIONS) (MILLIONS) HEAT
BLAST-FURNACE GAS 23,622 18,307 1,59 28 .8
FUEL PRODUCED COKE OVEN GAS 2,538 11,167 0 97 17.6
N THE PLANT
TOTAL 29,474 2 56 46 .4
NATURAL GAS % - 3,530 29,864 2.59 a7.0
- T v L al
FUEL FUEL OIL 460 4,21t 1 0 36 6.6
PURCHASED
TOTAL 34,075 2 .95 53.6
PRODUCED + PURCHASED TOTAL 63,549 5 51 100 ©

FUEL CONSUMPTION GASED ON 4.2 MILLION TONNES OF STEEL PER ANNUM
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Appendix Il
ENERGY SAVINGS

" oePaRmenT camncite ww | ron T e i ons oF Pesos
1959 POvER PLANT No. 1 8 | 23 2 FURNACE AIR 72
1965 PONER PLANT No, 2 20.0 18 .8 STEAM GENERATOA L]
1976 PONER PLANT No, 5 14 8 50 0 STEAM GENERATOR laB
1977 POWER PLANT No, 2 i5.8 26 O STEAM GENERATOR 8O
1977 PONER PLANT No. 2 15 5 26 O STEAM GENERATOR 80
ACTUAL TOTAL 143 0o 438

HEAT RECUPERATION IN (FUTURE) REHEATING FURNACES ANT PiITS

NATURAL GAS CONSUMPTION OUTPUT GAS ANNUAL SAVINGS
DEPARTMENT o M LLIONS
WITHOUT RECUPERATOR| WITH RECUPERATOR TEMPERATURE ¢ %o OF PESOS
ROUGHING PIT No, 1 221,513 190,501 600 14.0 45
ROUGHING PIT No, 2 175,886 13C,507 860 25:8 66
PLATE FURNACE 206,737 153,399 1,100 25.8 &4
STRIP FURNACE 283,806 210,584 1,010 25.8 i 06
TOTAL 294







Heat recovery in reheating sows and furnaces.

APPENDIX V

Based on: Heat Balance, 412 million tons of steel/year.

1.

Hot lamination reheating sows.

Installation of heat reccverers to preheat combustion air.

Fuel consumption without recovery
Fuel consumption with recovery

Exhaust gas temperatur
Input air temperature
Output air temperature
Fuel savings (14%)
Cost of fuel purchases
Total savings/year

Reheating sows for light steel shapes,

e

22,513m? natural gas/day
l90,501mj natural gas/day
600°C

30%
315%

31,012m3 natural gas/day
$468.83/million Kcal
$ 44,895.81

Installation of heat recuperators to reheat the combustion air.

Fuel consumption without recovery
Fuel consumption with recovery

Exhaust gas temperatur
Input air temperature
Output air temperature
Fuel savings (25,8%)
Total savings/year

Slab furnace.

e

l75,886m3 natural gas/day
130,507m3 natural gas/day
860°C

30%
425'C

45,379m3 natural gas/day
$ 65,694,100.00

Installation of heat recoverers to preheat the combustion air.

Fuel consumption without Tecovery
Fuel consumption with recovery

Exhaust gas temperatur
Imput air temperature
Output air temperature
Fuel savings (25.8%)
Total savings/year

e

- 353

206,737m3 natural gas/day
153,399m3 natural gas/day
1.100%

30%C
425%
53,338m3 natural gas/day
$ 77,215,808, 00


http:77,215,808.00
http:65,694,100.00
http:44,895.81

4, Strip furnaces.
Installation of heat tecuperators to preheat the combustion air.

Fuel consumption without recovery 283,806m3 natural gas/day
Fuel consumption with recovery 210,584m3 natural gas/day
Exhaust gas temperature 1.010%

Input air temperature 30°C

Output air temperature 425%

Fuel savings (25.8%) 73,222m3 natural gas/day
Total savings/year $106,012,379.00

These figures are based on the average daily fuel consumption for a
yearly production of 4.2 million tons of steel.

The grand total for these four facilities represents a savings of
$293,818,104,00/year.
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RATICNALTZATION OF CONSUMPTION IN GREAT COPPER MINING
"Energy in Codelco-Chile"

Hugo Bonomelli C.
Technical Manager, Codelco-Chile

Valerio Rioseco van C.
Assistant Engincering Manager, Codelco-Chile

The "Corporacién Nacional del Cobre del Chile" or National Copper Corpo-
ration of Chile (CODELCO-CHILE), created by Decrce-Law No. 1350 of February
1976, owns the mines, plants and operations that constitute the "Gran Mine-
ria del Cobre" (Great Copper Mining), nationalized in 1971. ‘The tota] 1982
output of the four operative divisions (Chuquicamata, E1 Salvador, Andina
and E1 Teniente) amounted to 1,033,000 tons of copper.

From the energy point of view, the Chilean copper mining industry-- to
which Codelco-Chile contributes about 86% of the production-- used 6,79 of
the total energy products consumed by the country in 1981, including 20.3% of

the fuel oil and 31.7% of the total clectric power generated in Chile.

Codelco-Chile is the country's major autoproducer of electricity, with a
production amounting to 1,625,755,655 kivh in 1981, and to some 1,450,000,000
kwh in 1982, i.c., 15.3% of total clectric power generation.

Regarding types of generation, it is worthwhile to note that the Corpora-

tion's hydro power represented 5.2% of this type of ener output in Chile
y I I Y1 gy p

for 1981. ‘That meant that 24.4% of its own consumption was supplicd by po-
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wer generated in its four hydroelectric plants.

On the basis of the above-mentioned explanations, it can be observed that
Codelco-Chile (and the copper industry) is not only the greatest industrial
consumer of energy, but also an important autoproducer of electricity.

Both features, added to the fact that fuel and energy purchase amount to
approximately 15% of total production costs, including depreciation and amor-
tization, financing cxpenses and sales taxes, oblige the Corporation to act--
either to save on energy consumption or to substitute energy forms, secking

the most economical oncs for processes and operations.

Energy Consumption in Copper Lxtraction Metallurgy

Before analyzing energy consumption, and the actions taken towards ratio-
nalization and savings, it is useful to indicate global characteristics and
alternatives in copper production. TFor that purpose, the main processes
for rccovering copper from sulphide ores are shown in Fig.1. Approxima-
tely 90% of the copper originates in sulphide, which is mainly produced
from concentrates, by means of pyrometallurigical processes and technology.

The recovery process gencrally consists of the following four steps:

a) Concentration by f{lotation

b) Roasting (optional)

c¢) Smelting of matte (in blast furnaces, reverberatory furnaces, electric

furnaces, or flash-smelting furnaces)
d) Conversion to blister copper
Some processes combine the b), ¢) and d) stages in one continuous process.

The final product is 'blister copper" which must be refined (by fire or
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electrically) for end uses.

Fig. 2 shows the hydrometallurgical processes for copper cxtraction from
oxidized ores. Copper can atlso be found in nature, as carbonates, oxides,
silicates and sulphates which. cannot be concentrated efficiently by flotation
and which are treated by means of hydrometallurgical process and technolo-
gies, e.g., by means of leaching with sulphuric acid, followed by precipita-

tion or clectro-winning from the solution,

The current upward trend for cnergy requirements in the copper mining

industry is a consequence of:

a) A continuous grade decay of present ore bodies, which entails transpor-
tation, crushing, milling and concentration of larger quantities of ore

to produce one kilogram of copper,

b) An increase of ore hardness, which implics greater consumption of energy

in comminution.

¢) An increasc in horizontal and vertical transportation, due to deeper un-

derground mines and open pits,

d) A worse waste/ore ratio, generating a greater amount of material hand-

ling for each ton of ore removed.

These trends arc a permanent challenge for the substitution of energy
sources of high value by others of lower cost or more efficiency and for a
reduction in the specific consumption of fuel and energy in production pro-

cesses and operations.

I't should be pointed out (only for the sake of illustration) that energy

consumption in the processes is, percentage-wise, as follows:

Mine and concentrator 53.6
Smelter 33.G



From these values whose validity is relative and limited, it can be in-
ferred that the actions to be taken regarding savings, rationalization and
substitution of energy must be concentrated on the smelter, concentrator and
mine arces; and only when these fields have been substantially covered, will
it be convenient to worry about conversion, anode preparation and electroly-

tic refining.

As a conscquence of the oil c¢risis that hit the industrial world with
great intensity during 1976-1979 (the first price rise took place in 1973),
Chile was forced to pay high prices f»r oil while international cepper pri-
ces were at a very low level (55.94 - 63.01 cents of the U.S. doilars were
average values per pound of copper); and so, the Corporation, which was be-
ginning to act as the entity that grouped the productive divisions, under-
took immediate action todiminish energy consumption and to replace some

energy sources by others of lower cost.

During the carly vears, division management dealt with cnergy '"waste' ana
tried to crecate a consciousness of the need for controlled con-

sumption and rational use of enerqv.

In general, these activities had to be carried out with small investments,
due to restrictions imposed on Codelco-Chile as a result of the economic

situation.

By 1978 local action was considered complete; and as a consequence, to
make substantial advances and obtain an adequate choice of energy conserva-
tion alternatives, a decision wus mide to undertake integrated actions
within the development plans of cach division, geared to optimizing corpo-
rative benefits. At the same time, systematic action was proposed to stan-
dardize informition about energy uses, vields, and consumption, as well as
the diagnoses and identification of "Energy Conservation Opportunities"
(ECO's). Some examples of these measures are given in Appendix 1, for the

Chuquicamata division.

The actions tuken to attainthe indicated objectives can be summarized

as follows:
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a) Execution of "Giobal Studies on Long-range Development" for the Chuqui-

camata, Salvador and El1 Teniente divisions.

b) Preparation of a study decaling with energy rationalization for the Chu-
quicamata division and identifying FCO's, which could represent an over-
all potential saving of up to 249 of the division's fuel consumption
(including the Tocopilla power station). Excluding EQO's where signifi-
cant investment is required, a cost decrease of up to 8% could be ob-

tained by means of fuel oil, diesel 0il, keroscne and gasoline savings.

c) Engineering study on "Rescarch on Power Supply Alternatives for Chuqui-
camata" (including 1,600 km of transmission lines). The study concluded
that:

- Economically speaking, the supply ol the forecasted electric demand
of Chuquicamata, together with the first and second regions {northem
part of the country), is not large enough to justify interconnection
with the national grid from the central zone of the country (transmis-
sion systemsof 345 kV-AC and + 140 kV-CC for the present situation
and + 280 kV-CC for the future were analyzed).

- The gencrating units to be installed at the Tocopilla power station
could be oil- orcoal-fired, where the use of coal is justified for

relatively low valuc of the money .

d) Teasibility study on the usc of Chilean coal as the main fuel for Toco-
pilla. This study was originally performed for bituminous coal from
the Gull of Arauco and later revised, in 1981, for use with Magellan

(sub-bituminous) coal.

e) Installation of a new 72-Mw generating unit (No. 12) capable of burning
fuel oil or Magellan coal and allowing for the replacement of some very
inefficient older units (1914-1927) with high consumption (127.2 g/MJ
burning fuel o0il). The new wnit's consumption is 69,3 g/MJ with fuel
0il and 151.9 g/MJ with Magellan coal,

_365_



£)

g)

h)

This unit is now complete and will definitively be put onstream in
June 1983.

Completion of a project to change the frequency of the Salvador division
from 00 Hz to 50 Hz, which made possible the electric power supply from

the national grid, begimning in August 1981.

Anal sis wnd prefeasibility study on hydroelectric generation from the

Aconcagua river, for the Andina division.

Analysis and prefeasibility study on hydroelectric developments on the

Cachapoal river for the El Teniente division.

According to the conclusions of the study, a contract for electricity
supply from the national pgrid was negotiated with ENDESA (the national

electric power company) .

Regarding the standari-ation of information referring to energy use,
consumption and cfficiency, "Guidelines for Energy Analysis in tne Divi-
sion' were issued in July 1980, as a result of corporative mectings on

"Energy Coordination". These periodical mectings began in 1979.

Appendix 3 provides some examples of actions and projects alrcady exccu-

ted and others to be undertaken, aimed at encrgy savings and substitution

in every operative division.

Future Actions

As has been stated herein, Codelco-Chile has carried out global studies

on future developments for cach of the divisions, as well as on subjects

related to processes, operiations and energy supply. The studies analyzing

supply and demand include studies on the use of cnergy (heat and electricity)

recovery {rom the processes and consider alternative conventional and non-

conventional ecnergy sources (advanced, according to some studies).
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The energy analysis approach of Codelco-Chile follows two directions:
a) Technological development and
b) Rationalization - optimization.

Technological devclopment

Codelco-Chile has forcal its techrological development not only on the
substitution of current processes and foreign technologices- which would ge-
nerally entail a complete change in existing installations with large in-
vestment- but has also, to a preat extent, been able to design its own tech-
nologies for increasing the production capacity with Jow capital costs,

while reducing specific fuel consumption to significantly lower values.

As onc example of this policy, Codelco-Chile has implemented the use of
oxygen in different stages of the smelting process. Thus, the so-called
"Modified Teniente-type Converter' (MIC), which by means of an oxygen-air
mixture in the blowing step disminishes the gas produced, reduces heat
losses and permits partial direct smnlting of concentrates without additio-

nal fuecl in the converter.

The use of oxygen-fuel burners located in -he reveberatory furnace roof,
which changes the heat system to convection, permits the utilization of the
burner wall as a load wall, resulting in a doubling of the furnace's smelt-

ing capacity and a reduction in specific fuel consumption.

Figure 3 shows cvolution in fucl and clectric power consumption, and the

productivity of the Calctones Smelter where the technology was developed.

The first Modificd Teniente-type Converter, whose installation is now

underway at Chuquicamata, will be commissioned by the end of 1983.

Further development of oxygen-coal burners and oxygen-concentrate burners

has been undertaken, and they are now in a pilot testing stage.
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It must be mentioned that the two FNAMI smelters have decided to adopt

MTC converters too.

In addition to these first technological developments, Codelco-Chile is con-
tinously cvaluating the possibilities that forcipgn technology could offer

to decrease costs,

The impact of cnergy on costs leads to particular attention to energy
savings and minimal specific consumption. An example of this is the pur-
chase of technology and know-how for in situ Icaching from the Occidental

Mincral Corporation,to he partially applied in the Chuqui-Sur mine.

This technology consists of introducing acid solutions into the ore body
at high pressures, without removing the ore, followed by recovery, purifica-

tion and concentration through solvent extraction and (inal clectrowinning,

IT this technolopy could be successfully applied in Chuqui-Sur, the
energy savings appear evident, because neither ore extraction, nor crushing,
miliing and smelting are needed, although considerable cnergy is consumed
in solution pumping, drilling and clectrowinning. ‘This technology is going

to be tested on a pilot scale in the near future.

&wmmdimtm“—imﬁmhuﬁon

In order to rationalize and optimize cnergy consumption, all the divi-
sions have installed automitic controls at different stages in their opera-
tions (tertiary crushing and milling), to avoid overgrinding, The savings

inthese arcas amownt to more than 59. )

Different types of mill linings have been tested, such as that known as
the ASL, which moves the material in a spiral pattern, reducing ball con-

sumption and, accordingly, the cnergy required (10% savings).

In the mine, cfforts at reducing cneray consumption- among which the
g a | ju

field of loading and transportation is the mos* important- have indicated
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the advantages of using "giant" equipment as a means of energy optimization,
Following the same concept, regarding flotation cells, Codelco-Chile has
considered the use of "giant cells" in all recent concentrator expansions,
and cven contemplates a progressive replacement of existing cells by giant
oncs. Also, the cell impellers are being changed for new models of higher

efficiency.

Some cases of consumption rationalization are described in Appendix 1,
such as peak demand control (which could involve energy of higher cost);
programmed shutdown of equipment during low utilization periods, etc., using

micro designs  for energy savings.,

The shift to alternative energy could be represented by the new 72-My
unit of Tocopilla, designed for coal or oil firing; by the oxygen -coal
bumers design; and by the use of solar encrgy for water heating and space

heating in the workers! dressing rooms and other installations.

A very important project of energy rationalization and conservation has
been the interconnection of the Salvador division with the national grid,
replacing a power plant with a very high thermoclectric conversion factor
(aver 3000 keal per kiwh). Besides, the change in the frequency of the e-
lectric power system at Salvador included improvements in the overall sys-

tem at the industrial and domestic centers of Salvador and Petrerillos.

We hope that this brief sumary will have given at least an idea of some
of the projects and actions developed by Codelco-Chile in the area of eneroy
conscrvation and rationalization: and in concluding, we would like to point
out that this subject is always present as one of the most important factors

in any project of the company .
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APPENDIX 1

Energy Conservation Opportunities (ECO's): Some Examples from the Chu-

quicamata Divisjion.

FCO's arcdefinedas those potential situations that would permit energy con-
servation in a short temm, as a consequence of the information-gathering
process as regards the energy situation in the Chuquicamata complex.

Those situations that involve medium- and long-temm actions, or invest-
ment projects that require engincering studies, options developments or ex-
tensive studies on the use and management of energy, are nct included or de-
fined as ECO's.

ECO's can be implemented mainly through:
= Review of operational practices
- Definition of energy administration programs
- Small, obvious or short-term implementation investment.

Examples of some identified EQQ's are:

1.- Tozopilla thermoelectric plant.

1.1 Automatic clecaning of condensers. Every 15 days half of each con-
denser was taken out of service for manual cleaning, using rubber
"pigs". Automatic cleaning (MANN or AMERTAP, for instance) of the
pipes will improve the average heat transfer coefficient, reduce
backpressure, increase available power, and eliminate the need to
shut down the condensers for cleaning,

1.2 Fuel-return tank ipsulation. One of the Bunker C tanks is used to

store the oil surplus returned from the bummers. Proper insulation
of this tank will pemit effective energy conservation,
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2.-

Electrical system.

2.1

2.2

2.4

Electrical disp.tch to cut down on peaks.

During peak periods it is necessary to operate the expensive gas tur-
bines in Tocopilla (141.7 g/MJ of diesel oil).

The dispatch system should be established in the substation that ties
in the energy generated at Tocopilla with that from Chuquicamata.
A computer model simtlation available in the Engineering Department

could be used.
Substation A Transformer.

Power transformers 1-4 of this substation, manufactured in 1914, are
much less cfficient than the modern ones. The first suggestion was
to measure their efficiency and estimate their replacement cost. In
addition, the star-star connection generated third harmonic voltages
in the external circuit. Tt is necessary to measurc this voltage
before connecting the bank of capacitors that will be installed in

this substation.
Motor-generator scts and rotary  current converters.

Substation A has 17 M/G scts installed for DC supply. An analysis
is required before their replacement by static converters (20% more
efficient), considering, too, that their efficiency curves show a

dramatic drop when the load factor decreases.

Tocopilla-Chuquicamita transmission lines.

In 1978 the total cnergy losses in the three circuits amounted to
0.1%. A bank of 100-MVA capacity in substation A is being installed

SO as to increase transmission capacity and improve the power factor.

Also, it has been proposed to study threc options for increasing
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3.-

4.-

transmission capacity: a fourth circuit, an increase in transmission

voltages, and shunt or series compensation.

Mines

In this case we can cite the following ECO's:

3.1

3.2

3.3

3.4

3.6

3.7

3.8

3.9

Voltage of electrical input

Capacity of electrical shovels versus energy consumption

Alternative fuels for ore trucks

Reduction in yard Tighting

Parking regulations for large trucks

Fuel consumption of trucks

Electric trolley for trucks

Use of crushers and conveyor belts for sterile transportation

Truck dispatch system for Chuqui-Sur mining operations

3.10 Recovery of used lube-oil

3.11 Recycling of used tires

Concentrator

4,1

Primary crusher operation. Due to the fact that this crusher, with
an induction motor of 500 HP, has 1dng idle periods with a consump-
tion of 60 kih,2 communication system was proposed to tie in the

mine with the crusher station and permit shutdown during lunch time



5.-

5.

5.

5.

occasions where more then one hour of idle time is anticipated.
Scecondary and tertiary crusher progranming.

Power factor adjustment in mill motors.

Ilotation-cell motor replacement.

Flotation-cell blower improvement.

Energy consumption optimization in milling operations,

Steam consumption in molvbdenite plant.  The moly dryer steam con-

densate  is returned  to the themocelectric plant instead of being

vented.

Snel ter

q

5

O

Brickwork rebuilding in the firebox of dryer mumber one.

M/G set effliciency,

Heat revovery [rom the anodes cooling tanks.  Approximately 81.3 1J
(19,4 billion kcal/year) are absorbed by the Bosh tanks to cool off

anodes.

The partial use of this heat in the persounel dressing rooms is pro-

posed.,

Heat recovery in the anodes furnaces, proposed tor use in the con-

centritte dvers.
Heat conscervation ¢in the anodes.

Reduction in the wmount of recirculating scraps.
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6.- Chuquicamata Thermoelectric Plant

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

Replacement of cvaporators by demineralizers.

Electric drive for auxiliary cquipment .,

Circulation system of cooling water.

Operation of cooling towers.

Steam extraction for some processes.

It has been proposed to get steam from a high-pressure extraction
point of the turbines instead of the one from the main stcam line, for
use in the molybdenite dryer, heating fuel oil for the smelter furna-
ces and also atomization of that fucl.

Reduction in condensate losses in the moly plant.

Usc of insulation in the moly plant steam line.

Implementation of thermoclectric plant.

Major overhaul of turbogencrator.

Compressor for gencral use and implementation.

Condensate control.,

A condensate balance is proposed, together with the present production
and distribution of steam and distilled water, in order to account for
the unreturned condensate: wdoubtedly, the accounting, study and justi-

fication of the unreturmned condensate must increase cfficiency and pro-

mote cnergy savings,
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APPENDIX 2

Guidelines for Energy Analyses in the Divisions

This document is a guideline for the vrevaration of energy analysesin each
division. It must be reviewed as a necesssary nreliminary stage, in order
to make homogencous the information that will be processed annually to ob-

tain comparative indexes within cach division and at the cornorate level.

Since these are only guidelines, the level and type of information should

be adjusted to the particular conditions of the processes in cach division.

The following tuables shall not be used as questionnaires to be filled
out; they indicate only the information level that must be nrepared, in the

form of simnlified tubles.

Production and consumption data should be annual and should be compared
to the year 1979 as a reference base, for all energy conservation analyses and
projections of future technological imnrovements in the ficld of energy, in

the divisions.

1.- General Data on Installations

l.1 Geographic location:

1.2 Description of installativns.  Production process diagram.

1.3 Energy usc by process.

1.4 Raw material consumption.

(]

1.5 Activity level and nroduction policy.

2.- Energy Supply Sources
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2.1 Fuels.

2.2 Electricity,

2.3 Steam.

2.4 Own cnergy production.

2.5 Unused residual heat.

2.6 Other sources not indicatedabove.

3.- Themal Analysis of Installations

3.1 Analysis and preparation of individual thermal balances for the dif-

ferent processes {Appendices A § B).

3.2 Functional distribution of energy consumption.

3.3 General scheme of cnergy flow utilization. [Ifficiency of energy use.

4.- Specific Consumption and Costs

4.1 [Energy consumption per unit of production.
4.2 Incidence of encrgy in final cost,
4.3 Influence of fuel savings programs on costs.
5.~ Final results
5.1 Analysis of cnergy utilization and results.
5.2 Possibility of improvements in cnergy use cfficiency.

5.3 Financial returns on pronosed improvements.
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APPENDIX A

Units of Analysis

A.1 Introduction

A.2 Description of production processes

A.3 Basic operations

A.4 Production process diagrams

A.5 Analysis of basic operations

A6 Summary of vearly consumption of the different processes.
APPENDIX B

Services

B.1  Introduction

B.2 Steam production

B.3 Steam distribution and condensate recovery

B.4 Compressed air

B.5 Refrigeration system

B.6 Lighting

B.7 Air conditionine

B.8 Summary of yearly consumption of the different services.
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APPENDIX 3
Some examples of encrgy-related actions and projects in the divisiomsof
Codelco-Chile can be used to show the diversity of actions being undertaken

in the ficld of cnergy conservation.

The 1list that follows is only for the sake of illustration; it is neither

complete nor systematic:

I.- Chuquicamata Division

- Lighting medifications (to sodium bulbs)

= Dust control at the crushing plant, avoiding usc of high-pressure com

pressed air,
- Rationalization of the compressed air network.
- Better use of nuatural light in industrial buildings.

- Use of residual heat from the refining furnaces as fuel for concen-

trate drveys.
- Electrolytic cells covered with anti-cvaporation wrappers.

= MHydraulic actuator: in reverberatory furnace doors: redesign of bur-

ner; usc of heat exchangers.
- Replacement of heat-excharnger umps at Refinery No. 2.
- Reduction in distance of electrorefined cathodes in cl~ctrodes.
- Blower control automation at the concentrate smelter.

- Renlacement of clectric transformer at the oxide nlant,
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- Heat recovery from the compressors' cooling water.

- Boiler cconomizer at the refinery.

2.- Salvador Division

- Installation and commission of a new turbine at the Montandon hydro
power plant, with an incieased generating capacity of 500,000 kih
over the previous one.  This was part of the project "Change in Fre-

quencies and Interconnection to the National Grid!.

= Replacemertof diesel oil by fuel oil in the reduction process of the

anode furaces.

- Introduction of payments for domestic consumption (which formerly was
free at the div’sion), in order to regulate and rationalize the con-

sumption of electricity and fuel.
- Installation of clectricity meters in the different industrial areas,
in order to identify zones of high consumption and to facilitate con-

trol.

= Crushing, milling and flotationautomationin order to optimize concen

trator production ard reduce energy consumntion.

- Use of the compressor cooling water as heating media for the salt re-

moval plont and for the workers' dressing rooms.

3.- Andina Division

- Automated demand control that shuts down equipment according to a

programmed sequence.

- Change from diesel oil for fuel oil for the concentrate dryer.
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Use of air compressor residual heat for ventilation air heating.

Use of sodium bulbs in the lighting system on the yards and in under-

ground arcas.

Teniente Division

Improvements in sccondary classification at Sewell (to avoid over-

grinding) .

Improvements in oxygen, air and steam control.

Replacement of synchronous capacitors by static ones.

Reduction in number of motors at the Sewell flotation nlant.

Modifications in the clectric control circuit of cooling jacket

punps at the Calctones smelter.

Increased marginal output from hydraulic gencration.

Optimization of filtration and drying processes.
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RATIONAL USE OF ENERGY IN THE NON-FERROUS METALS INDUSTRY

(OTHER THAN ALUMINIUM)

MRS JANE CARTER

INTERNATTIONAL ENERGY EFFICIENCY CONSULTANTS

(Formerly Head of
Energy Conservation Division,
U.K. Department of Enerqy)

INTRODUCITION

1.

The U.K. meets its energy needs substantially from its indigencms
resources of coal, oil and natural gas with the addition of smali
quantities of nuclear and hydro power. But we cannot opt vut of
world energy prcblems. And rising U.K. fuel prices in line with
world trends and long-term marginal costs have emphasised the need
for conservation. The role of enerqgy efficiency will become even
more important as indigenous production of oil and natural gas
peak out in the 1990s and decline thereafter. The scope for
conservation from the cost-effective application of technology is
large - about 100 million tons of coal equivalent (tce) a year.
This represents about a third of our current annual energy
consunption of a little over 300 million tce and is equivalent

in size to the coal, 0il or gas industries. U.K. Govermment policy
has, therefore, been to pramte cost-effective conservation
measires against a background of 'realistic' fuel prices by means
of substantial programmes of information and advice to consumers,
financial support for innovation, general financial support and
requlatory measures.

The industrial and commercial sector is an inportant target area -
it uses over half of our energy with about two-thirds of that for
process and the remainder for heating buildings. Because of the
traditionally low price of energy, it had not been thought
necessary to invest to the same extent in increasing the efficiency
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of energy use as opposed to other resources. The abrupt change in
energy prices therefore revealed a need io 'catch up' on the
application of technology and to increase its priovity in
relation to other calls on investment resources.

Conservation is not a negative concept ~ it is not a case of
cutting back on energy usage for its own sake. Increascd oencrqgy
usage may be necessary o improve working conditions, increoase
nmechanism and so forth. Basically, it is a question of realising
a major potential for cost saving, improved productivity and
higher profits. Processes which were acceptable when energy costs
were small are no longer appropriate. For copper, energy has
doubled its snarc of total manufacturing coste since 1970. It is
one of the few clenents of costs that is directly controllable,
with an imnediate and tangible effect on profitability.

This paper describes the U.K. government's energy conservation
policies and how they have crerated in the non-ferrous metals
sector.

BARRILRS TO QUWNSERVATI!

Obviously, economic pricing of energy is central to an etfective
wonservation policy. Fnergy prices must reflect the workings of
the market and so give encrgy consumers the correct signals for
the future so that they can adjust their practices and investment
decisions acoordingly. Howover, although pricing has had a marked
effect, much more remains to be done. Morcover, the nature of the
response is somowheat disappointing. It is true that considerable
progress has baon made with good housekeeping measures. But a
recerit study found that whilst a high proportion of the firms
overed had made encrgy savings by means of better use of existing
plant and minor energy relatad alterations, less than a third had
under taken major cnergy-related investients,

This reluctance to undertal:e mIjor new conservation projects is
evidenced by the very short payback periods deanded for
oonservation investinents; these often soom to be less than 18
months, even for large concerns. These short pay-back periods
suggest both that individual firms may not be giving a high enough
priority (in terms of their own interests) to eneray conservation
investment, and that at a national level the allocation of
resources in the encrgy sector may not be optimal. One striking
illustration is that the averege age of the boilers replaced under
the Encrgy Conservation Schome weas 41 years and of those projects
involving conversion from oil or gas to ooal, 15% of the hoilers
being replaced were Lancashire boilers aged between 70 and 80 years.
Moreover, when the schame started, the averagce payback was expected



to be 3.7 years but rising fuel prices have meant that the average
(of 44 firms recently sampled) has reduced to 2 years. What are
the barriers to profitable con:rrvation projects like these?

Some of the main barriers which cause industry to neglect conservation
opportunities are:

(a) A low priority for conservation, particularly at senior
management levels. Decisions on energy use and conservation
are not seen as major factors in firms' strategic objectives
and are therefore accorded low priority in the allocation of
resources, both managerial and financial.

(b)  Uncertainty, both over the future level and pace of change
of fuel prices and over the economic future generally. The
problem is exacerbated at present by low liguidity, high
interest rates, low profitability and low demand.

(¢) A lack of appreciation of what can be achieved technically.

(d) Technical risks and uncertainties, particularly wiere new
technology is inwolved (though in the vast majority of cases
the technology is available). 1t is sometimes feared that
conservation measures will not yield the predicted savings,
or that they nay cause more frequent disruption of production.

(e) The fragmented nature of the conservation equipment industry.
Its products are dispersed throughout a wide variety of
different industries and it is not geared to marketing
conservation systems or enerqy efficient packages and
providing follow-up services.

There is therefore an important role for Government in reinforcing
the pricing messages. The U.K. Government programme includes a strong
information programme, advice and training, and support for the
introduction of innovative technology and for switching boilers and
furnaces from oil and gas to the use of ooal.

INDUSTRIAL CONSERVATION PROGRAMME

9.

After the 1973 crisis, the Govermment realised that it did not have
an adequate data base on energy usage in industry on which to base
policy and strategy. Consequently, it initiated in 1975 a major and
intensive Energy Audit of British Industry, designed to:

(a) obtain detailed information about energy uv-~es;
(b} estimate potential savings;

(c) identify opportunities for RDGD:

(d) assist Government policy.

25 rcports have now been produced.
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10. During the audit work, however, it became clear that many oonpanies

11.

12,

13.

were wasting a great deal of encrgy as a result of inadequate
management and control of resources. There appeared to be a
considerable scope, at very low cost, for better 'housekeceping'
together with relatively simple nodifications to plant and practice.
In 1977, the Industrial Energy Thrift Scheme (IETS) was launched
to:

(a) promote efficiency;
(b) obtain information on energy use;
(c) further obtain potential for saving.

In all, 40 reports have been produced.

As ‘these schanes were proceeding, the Government introduced in 1977
a campaign for every organisation using energy = in industry,
comerce, local authorities, hospitals, schools, government
departments, etc - to appoint an enerqgy manager solely responsible
for the manageneit of tnergy resources. There are now over 5,500
energy managers in the U.K. They are supported in a number of
different ways. In each region there is a Regional Enerqgy Conservation
Officer, attached to the Deparurent of Industry, who helps formation
of local groups of managers from many different backgrounds (over 80
groups in the U.K.), backed up by a mouthly free newspaper, training
schemes and an annual conference, as well as a range of advisory
material including Fuel Efficiency Booklets. It is also possible for
conpanies to have subsidised advice on the energy efficiency of their
under tak ings,

At the same time the urgency of encouraging the adoption of innovative
technology was recognised. Technology transfer has been one of the
most intractable problems facod on a worldwide basis., It is
particularly acute in the area of cnergy efficiency because none of
the major parties inwolved - the researcher, the equipment manufacturer,
the user and, in same cases, the fuel supplier - is well geared on its
own to undertake the overall responcibility in this still developing
field. Moreover, there are real risks associated with a new project

= will it work in practice, will there by damaging interruptions to
supply, is it ioally financially worthwhile? In times of recession,
these factors  nultiplied. The reluctance to invest is eloquently
demonstrated by the fact that the take-up of existing and novel
technology (which is believed o have the potential to reduce enerqgy
consumption in U.K. industry by 20-30%) has been painfully slow, even
though most projects offered econcmic paybacks in less than 5 years
and in many cases less than 2 years.

The Government therefore instituted a new scheme in 1978 to encourage
the more widespread adoption of technologies that weuld increase the
efficiency of enerqgy usage - the Energy Conservation Demonstration
Projects Scheme (ECDPS). This scheme is designed to:
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14.

16.

17.

18.

(a) demonstrate the technical and econamic effectiveness of
technology in working situations by assisting the
installation of equipment likely to lead to the improved
use of energy and arranging for independent monitoring to
verify the results of the systems;

ard,

(b) encourage the replication of successful projects.

The schee covers the industrial, commercial and domestic sectors,
though iitially emphasis was concentrated on industry where the
shortest paybacks were obtainable.

A detailed strategy for the scheme as a whole and also for each
individual market sector and each technology has been evolved, based
on the results of the Energy Audit Thrift reports. Audit reports
show for example that there are cost effective potential savings

of 4-6 million tce per year in the iron and steel industry,
representing 25% of its enerqgy use, 0.2 million tce a year in the
oopper industry. The full list of Audit reports showing the
conservation potential is illustrated in Table 1.

The same type of analysis enables priority technologies to be
identified where the potential is great and there is a reasonable
prospect of exploitation of that potential with high economic returns.
In the industrial field priorities have been allocated, together with
estimates of the cost effective conservation potentiai. Amongst the
technologies for high priority attention are waste heat recovery
where 6-8 million tce per year saving is available, waste material as
a fuel (3-5 million tce per year), instrumentation and control

(2-3 million tce per year) and cogeneration (1 million tce per year).
A fuller list is illustre_ed in Table 2.

The latest initiative taken by the U.K. Government is promoting
energy target setting and monitoring, which has been put into
practice in the U.S.A,, Canada and France with considerable success.
It is clear from the results of the audit and thrift work that there
is a wide variation i specific energy consumption between companies
using similar plant. and practices.

In order to minimise operaticnal c¢osts managers in companies need to
know how and where energy is dissipated within their plants and to
optimise the relationship betwecin energy used and ‘he production
output or services rendered. However, energy targets set without any
reference to the details of the way in which production is organized
will be resisted and targetting and monitoring must therefore be
tailored to the needs of individual ocompanies.
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19. Monitoring aims to reduce wastage and also optimise energy usage in
existing plant operations., It incurs the following disciplined
approach:

(@) measurement of energy flows within the plant;
(b) analysis and accountability of energy usage;
() normalisation of data allowing for effect of external factors;

(d) notification of performance to operational and top management
levels.

wWhilst follow-up action for performance drop-off invariably rests

with the responsible line managers, monitoring also provides essential
information for top management to ensure operating efficiency is
effectively maintained.

20. Target setting is an additional activity directed to even greater
energy conservation effort by all levels of management through their
participation in a concerted erdeavour to do better than normal. It
involves:

(@) periodic auditing of energy flows and the identification
of energy saving opportunities;

(b)  the setting of goals for energy performance improvement
allied to a realistic and agreed work programme;

(c)  the execution of the energy conservation programme of
work and the evaluation of cost benefits achieved;

(d) motivation of shop floor personnel.

Recent studies of industrial practices indicate that where conpanies
have taken up disciplined energy acoounting there has followed a
greater impetus to undertake energy conservation projects. Target
setting provides the requisite focus for the achievement of the
maximum cost benefit from energy conservation endeavours.

21. The cost benefits achieved through Monitoring and Target Setting at
plant level is compounded by support given at group and sectoral
levels. The activity of an industrial sector co-ordinating body
would include the following:

(a)  a reporting procedure primarily to co-ordinate the overall
efforts of the sector in the energy field but which will
also help encourage the widespread adoption of monitoring
and target setting systems in plants;

(b) a platform for the exchange of information between companies
whiich provides for the improvement of enerdy management
systems and also leads to an increased energy conservation
activity.
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ADMINISTRATION OF PROGRAMME

22,

The inplementation of these ambitious programmes could not be
undertaken by Government alone. It was essential to work with
industry and through the appropriate trade and research
associations. The Audit and Thrift Studies have been sub-contracted
to the sectoral associations or consultants. The Demonstration
Scheme is managed by the Energy Technology Support Unit at the
Atomic Fnergy Authority and the Building Research Establishment
(some 50 staff in all. A sponsor is allocated to cover each market
sector ard each technological area. A key figure of the scheme is
that these officers are responsible for all stages of activity from
the initial audits of the sector, the specification of the strateqgy,
identification of projects, management of projects, setting of
targets for replication and the promotional progranme to achieve
replication. In addition to the sponsor's efforts, each project

is 'vetted' for its suitability for Government support by a group
of independent industrialists and experts,

APPLICATION OF PROGRAMMES TO THE NON-FEKROUS SECTOR

23.

The non-ferrous metals sector (excluding aluminium) includes copper,
lead, zinc, titanium, ferro alloys, nickel and chromium alloys and
semi-conductors. Although small in conparison to steel (which
acoounts for 20% of our industrial energy usage) its energy usage
(2-3% of industrial use) is much the same as the aluminium sector
(2.5%) and so is a significant individual target.

24. The following table shows 1981 U.K. production and consumption

('000 toraes).

Wrought [Cast- Ingot
Ingot Metal |{ings Price/
Prod-  Consum-| Prod- |Prod- [Employment | Tonne
uction ption uction |uction
Copper 136 333 466 59 33,000 £900
Lead 333 266 150 - ) £350
Zinc 82 185 16 37 ) £900
Tin 15 14 - 0 )| 17,000 £7,000
Nickel 25 24 - =) £3,000
Titanium 4 4 - ) £7,000
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25. Primary metal production, marufacture of semi-finished products and

26.

castings and the recovery of metal from scrap acoounts for 2.5% of
industrial energy consumed in the U.K. and 1% of total energqy
oonsunption by final user. In 1974, the oopper sector used 12,900 TJ
of energy and the rest of the sector 14,000 TJ. Sales of co

amounted to £1,100 million, with an added value of £250 million,

and of other metals to €1,200.million with an added value of €250
million. There are 430 establishments producing ocopper, brass and
other copper alloys and 280 producing miscellaneous base metals.

BNF Metals Technology Centre has long been active in energy conservation
in the metals industry and since 1975 has been responsible for
implementing the Department of Industry's Audit and Industrial Energy
Thrift Scheme in the U.K. non-ferrous sector. As a result of these

and other related activities, the Centre has a unique knowledge and
understanding of energy and its utiiization within the non-ferrous
sector. The Government has therefore invited it to undertake the
independent monitoring of several major demonstration projects in

this sector and the development of a sectoral monitoring and targetting
scheme.

AUDIT PROGRAMME

27.

It was decided to divide each metals sector into representative
activities (eg. flat rolling of oopper) and to assess the energy
consunption per tonne of product passing through the various production
stages in one or two representative works for each activity. The
results were then scaled up in proportion to known production
statistics, making allowances for factors such as the technological
differences between conpanies. BNF audited approximately 40 individual
sites with an average time, including the analysis of the data
obtained, of around 10 man days per site.

I.E.T.S. PROGRAMME

28.

This was based on a campaign of one~day confidential visits by teams
of research association staff and independent consultants to
representative companies in the industry - ie. to all U.K. industrial
companies in a particular sector above a certain minimum size. BNF
visited 84 sites in the copper, lead and zinc sectors. The essential
element in the I.E.T.S. is the direct aid provided to companies
during the visiting programme and from the subsequent reports. Each
company visit is in reality a short consultancy performed by experts,
each of whom has not only detailed knowledge of energy conservation
but also experience of the industry concerned.
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RESULTS

29, 'fhe vesults of the Audit and I.B.T.S. work now provide what is
probably the world's most conprehensive centralised knowledge and
understanding of how energy is used in dndustry, together with the
potential for conservation. In addition to this, the industrial
sector reports, which are widely available free of charge to UK.
campanies, show the levels of cnergy consuption representative of
each activity within the scector. This allows an individual company
to campare ity performance with the average, and if it is poor,
action will b(: stimilated. 1t al.o gives scope for analysing company
performance, og. comparing the cefficiency of energy consumption with
labour productivity for several oapanies operating similar plant
and procerses.

30. These studies showod a high potential for increased energy efficiency
in the copper industry and in lead and zinc.

COP[’I LM)( JISTIRY

31, In osame respects, the coppor industry is similar to the aluminium
industry. However, energy consumption is nuch lower in the copper
industry, bocause there is virtually no primary smelting of copper
ore carrict out in the UK. (A small amount of primuy copper is
obtainad in the ULF. fiow Lead/zine ore concentrates.) Almost all of
our primary copper ragquirancnts are inported, amounting to some
271 kilotonnes of refinad copper and 68 kilotonnes of unrefined
oopper in 1980, rurtheraxe, the intyinsic primary energy content of
copper (50 GJ/tonne) 1u neh lower than that of aluminium (250 GJ/
tonne) . The UK. copper industry is therefore concerned only with
the scmi~fabrication of coppar, together with the recovery of scrap
wopper, which suppliod e 210% of the coppor used in 1980. Fnergy
use in 1980 s outinulod to e 90107 GF (heat supplied), or 0.5% of
the total UL, industrial encrgy ase.

32. The U.K. copper industry can bo divided into four distinct sub~
scctors:

(a) refining of copper scrap and inported umcfmod primary
metal (known s "hlistor'y;

(b} sani-fabrication of pure copior;
(c) semi-fabrication of oopper alloy (lrasses and bronzes);

(d) conversion of scrap ooppar alloy to ingot and reanelting
to produce castings.



33.

34.

35.

36.

37.

Secondary refining from scrap accounts for about 20% of the refined
~opper used in the U.K.; a further 12% or so of refined copper is
obtained by refining imported 'bligter' oopper (impure copper
Obtained from roasting sulphide ores). Most of the refining done

in the U.K. includes a final electrolytic process which produces the
very high purity copper required for electrical conductors. The
proportion of copper which is only fire-refined fell from 60% in
1969 to 13% in 1980. Semi~-fabrication of pure oopper acoounted for
approximately 88% of the refined copper consumed in the U.K. in
1980, most of which was used for production of oopper wire (55%) and
tube (20%). The continuous casting and rolling (CCR) of wire rod has
in recent years largely replaced the traditional wire bar casting
and rolling technique, with significant energy savings., The copper
alloy industry is largely based on the recycling of copper alloy
scrap. There are a large number of foundries which cast copper alloys
directly to their final shape, using sand-moulds or shell-toulds.

The annual consumption of oopper in making semi~falhricated oopper

and copper alloy products has fallen from a peak of 815,000 tonnes

in 1965 by 44% to 460,000 tonnes in 1981. Part of this decline,
particularly the sharp slump since 1979, is due to the general

effects of recession. However, the long term trend is also downward,
reflecting an increasing substitution of other materials (for exanple,
aluminium, stainless steel and plastics) in the traditional
applications for copper and the effects of miniaturisation and value
analysis which has resulted in production of eguivalent components
ocontaining less metals.

The energy conservation Potential in this industry was estimated

as 30% of the energy consumpiion in 1974, although subsequent studies
suggests it could be getting on for nearly 50%. The detailed estimates
based on the Audit Study are at Table 3 and the longer term potential
on R.D. & D. is shown at Table 4.

Qonsiderable progress has been made since 1974. This was largely
due to better contril of energy-consuming operations, either
managerial and technical (better burners, recuperators, etc.).
There has also been a shift away from low-grade scrap refining.
Nevertheless, much of the energy saving potential identified in the
Energy Audit remains to be fulfilled.

Since most of the enerqgy used in the copper industry is used in
furnaces for melting metal, reheating it for hot working and annealing
it, it is to be expected that improvements in furnace design and
operation represent the greatest scope for energy saving. There are
various measures which can be taken, ranging from fitting existing
furnaces with improved burners and more extensive instrumentation,

to installing new furnaces of better design. (A more detailed

analysis is at Table 5.)
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38.

39.

40.

41.

42.

43.

44.

Waste heat recovery from an anode furnace has already been installed
in one copper refinery, with the recovered heat used to heat the
electrolysis tanks. In other circumstances, waste heat could be
used to preheat combustion air. However, waste heat recovery still
presents technical difficulties, and the economics are somewhat
marginal at present ruel prices.

OContinuous casting has already penetrated most of the copper wire
sub~sector; the extension of the technique to the casting of wide-
strip and other shapes suitable for further working to make final
products is beginning to occur.

These techniques contribute to energy saving for two reasons:
(a) reheating of castings for hot working is avoided;

(b)  metal losses in trimmings, etc., which have to be recycled
as clean scrap to the metling furnace are reduced.

The total energy savings potential of these measures amounts to some
30-40% of the 1980 energy requirement.

In the longer term, additional measures could further reduce the
energy requirement. These measures involve the application of new
technologies which are still in the development stage:

(a)  high reduction milling;
(b) oor im extrusion;
(c) seamwelded tube;
(d) powder metallurgy.

High reduction mills produce a much greater reduction in thickness of
metal in a single pass than is possible in a conventional mill. This

is achieved by an oscillating mechanism so that the incoming strip

is rolled repeatedly as it passes through the machine. An energy

saving of 4.7 GJ/tonne would result from the elimination of intermediate
annealing between rolling operations. Further economic advantages

result from the compactness of an installation,

The conform extrusion process can be applied to copper rods and
sections; combined with continuous casting of the iinput rod, a
potential energy saving of 30% is possible.

Semi~welded tube: Tube made from continucusly cast strip which is
folded into a circular cross-section and welded along the seam would
reduce the amount of metal that is required by convaiitional tube-
making processes, in whic the central core of a billet is removed
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45,

and returned to the melting stage. The energy saving from this process,
might be about 10% cf the present energy requirement for tube-making,
although this has not vet been demonstrated. However, since the
process would involve substantial investment in new equipment, and
the product would need to gain acceptance over seamless tvbe, it

is not likely tc make a significant impact in the short term,

Powder Metallurgy: Many metal products can be produced directly by
compacting poder into the final shape and fusing it with a heat
treatment. An energy saving would recult because of the elimination
of the variou- intermediate process stages of melting, hot working
ard annealing. In principle, this could amount to 66% or more ¢f the
energy use in semi-fabrication, but the technique is still at an
experimental stage, and it is too early to quantify the savings in
detail.

LEAD AND ZINC

46.

47.

48.

49.

The lead and zinc industries can he divided into the following sub-
sectors:

(a) primary’ smelting of lead,zirc ores;
{b)  processing of zinc;

(<) secondary smelting of lead;

(d) refining and processing of lead.

There has been a downward trend in lead consurption since 1965.
Sexondary production has, however, risen by 250% over the same period.
Total productior of refined lead, including that refined from imported
buflion, has been about 10% higher than domestic consumpt-on sirce
1975 (statistics on total production prior to 1975 are not available).
The U.K. is thus a ret exporter of refined lead.

The decline in trz corsurption of lead has been due to the development
of battery technology which increases the power:weight ratio. There
has also been displacement by altermmative materials, especially in
pliumbing and pigments, where concern over th» toxicity of lead has
been a marked influence. The use of lead as a petrol additive will
decline, if not actually cease, for the same reason, while its use in
the printing industry for type metal will be displaced I new printing
technologies. However, lead will concinue to be used for secordary
batteries, in buildings (for flashings) and in chemical plant, where
its corrosion resistance in aggressive environments is valuable.

The long term trend in zinc consunption shows a gradual increase,
fluctuating with the business cycle and interrupted by sharp slumps
in 1973 an? 1979, Approximately one third of domestic consunption is
met by primary smelting in the U.K., from imported ores. A small
amunt of domestic ore is also smelted (zinc content, 4 kt).



50. The most important uses of zinc are for galvanising steel, for
alloying with copper to make brass and for die-casting. Die-castings
are used extensively in the h:ilding and enginzering industries.
Zinc strip is used foir dry-cell batteries, and the oxide is used as
a pigment. Although there are substitutes for zinc in many of its
applications (egy. aluminium for galvanised steel, stainless steel
for brass, plastics for die-castings) there is no acute threat to
the zinc industry.

51. Most of the energy used in the lead and zinc industries is in
furnaces of various types. The energy saving opportunities are
mainly in the inproved control and operation of furnaces. Table 6
quantifies these savings for each of the main sub-sectors of the
industry.

52, In primary smelting of lead/zirc ores, the main opportunities for
energy saving are:

(a) rombustion of low calorific value gases for power generation
(about 30% of the gases produced are currently wasted);

(b) recovery of heat from water-cooled launders;
(¢) heat recovery from the sintering plant.
53. The energy savirg measures which could be applied to the furnaces
used for melting and holding metal are characterised as:
(a) good housekeeping (using existing equipment. with care);

(b) improved furnace control (better instrumentation, automatic
controls, insulation);

(c) improved scheduling;
{d) waste heat recovery;

(e) Dbetter yield of product, reducing the reprocessing
of scrap.

These mzasures could ultimately reduce the energy use in zirnc
processing by 60% and in lead processing by 45%.

ENERGY CONSERVATION DEMONSTRATION FRQOJECTS SCHEME

54. There are currently scme 203 scheres under way, of which 10% are
in the metals sector. For most of these, project profiles are
available, describing the projects, expected energy savings,
coscts and payhack periods. (A list is at Table 7.) Within the
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metals sector improvements in energy efficiency can be achieved

by:

(@)  modifying a particular pProcess through either retrofitting
a new technology or upgrading old equipment;

or,

(b)  changing the manufacturing process to a lower erergy
route.

Both of these irprovement mechanisms are being demonstrated under
the ECDP Scheme. Two particularly interesting schemes are:

(i) Retrofitting of new coal-firing techniques to oopper
" melting furnaces

IMI Refiners Ltd (IMIR) has installed newly developed
pulverised coal burrers incorporating exygen enrichment
at their Walsall smelter. These burners have replaced oil

campaign times were recuced by as much as 20%. To date

the project has been highly successful from both an economic
and an energy savings viewpoint. Increased particulate
generation with coal utilisation is currently being
examined, together with methods of dealing with it.

The cost of the project was £328,000 with savings of
£425,000, a pay-back period of less than a year. The
amount of energy saved was 3,600 tce a year, with a
replication target of 100,000 tce a year.

(ii) Two—wheel conforms development

A new development is under way at Metal Box which will
utilize their scrap aluminium tc produce hollow sections of
aluminium extiusions. This technique (which is transferable
to other non-ferrous sectors) offers the possibility of
significant reductions in material losses and energy use.
Savings in this individual project are expectad to be
about 4,60u tce a year with a replication target of

50,000 tce a year.

TARGETTING AND MONITORING

55. On behalf of the Department of Energy, BNF is carrying out a pilot
demonstration project on energy targetting and monitoring in the
ron-ferrous metals industries and also in the private steel sector.
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56.

The non~-ferrous programme started in March of this year and the
steps inwvolved are:

(a) review records;
(b) assess practice;
(c) instal meters and establish recording system;

(4d) audit site;

(e) report and recommend;

(£) agree targets and timescales;

(9) monitor attainmment;

(h)  define on—going energy managament systcm;
(1) report;

(j) promote throughout industrial sector.

An’essential element of this programme is that the target and the
timescale for achievement of that target must be set by each company
on the basis of recommendations made by the consultant concerned,
rather than being imposed from outside. Working in this way, a
commitment by oonpany managenent is obtained. The initial phase
which will last between 1% and 2 years is confidently expected to
result in savings of at least 10% in each of the companics teking
part; the on—going energy management system should provide further
annual savings resulting from the regular updating of targets and
an increased emphasis on plamned investment on energy saving
techrology. Subsequently, the results will be circulated tc the
industry through BNF and in collaboration with the trade association,
the activities requiied for replication of the wonitoring and
targetting management system within the non-ferrous industry will

be set in train.

COVLISION

57.

58.

59.

Foonomic energy pricing policies are essential to give the right
economic signals to industry. But there are major barriers to
oonservation, which impair the working of market forces.
Supplementary policies are needed, particularly in energy
intensive industries.

A comprehensive sectoral programme is needed for meaningful
results to be obtained. The United Kingdom method of setting up
an adequate data base on energy usage in industry through the
Energy Audits and the Industrial Energy Thrift Schemes provides a
firm foundation of policy and strategy which could be helpful to
other countries without a full data base.

The potential for increased energy efficiency in this sector is
high. Much of it stems from the application of good 'housekeeping
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60.

Practices' and existing technology. But innovative technology has
an important role to play. So, wo, do sectoral schemes of
monitoring energy use and setting sensible enerqgy targets at plant
level.

Progress can only be made by persuasion. I is essential for
Government to work closely with the relevart trade and research
associations and with industry to inprove information and to
encourage prudent energy management, investment in improving energy
efficiency and innovation and its adoption throughout the sector.
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ENERGY AUDIT SCHEME

Table 1

SECTOR REPORTS AND CONSERVATION POTENTIAL

SECTOR

IRON CASTINGS
BRICKS

DAIRY INDUSTRY
REFACTORIES
GLASS
ALUMINIUM
POTTERIES
BREWING
COKEMAKING
LEAD & ZINC
CEMENT

COPPER
FERTILIZERS
PAPER & BOARD
MALTING

IRON & STEEL
PETROLEUM
PAINT FINISHING
TEXTILES

ENG INEERING

Table 2

POTENTIAL
Mtce/yr (%)

OO0OWDO+HHNONOODODOODOOODO
NOPOANNNOANANNH+—H B W

.6
.45 (45%)
.25 (25%)
.15 (15%)
.5
.2
.07 (50%)

(12%)

(30%)

(33%)
(10%)

(40%)

(15%)
(20%)
(80%)
(25%)
(30%)
(45%)
(25%0

ECOPS: PRIORITY AREAS AND CONSERVATION POTENTIAL

Priority

Technology

Waste Heat Recovery
Waste as a Fuel
Improved Instrumentation and Control

Heat Pumps

Process Insulation

Improved Drying and Evaporation

Industrial CHP

Improved Machinery Drives

TOTAL
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Conservation
Potential

6-
I
2-

17-2

8
5
3
1
1
1
1
3
3

Mtce/yr
Mtce/yr
Mtce/yr
Mtce/yr
Mtce/yr
Mtce/yr
Mtce/yr
Mtce/yr
Mtc/yr
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Table 3

Technically Proven Energy Saving Potentials in the Copper Industry

Process | “rTeEHﬁoloéyvt>v—__“.-““ Potential Cost UK |
i Energy effectiveness Prospects '
; Savings (payback years)
! % GJ/tonne
Melting, Improved, operation and : 10-20 1-2 1-3 ! Good in {
reheating, control of fossil- ; medium term
annealing fuel furnaces : ' Now i
Melting Improved furnace
reheating design: - fossil-fuel 10 1.0 3-5 ) Good
annealing - electric 5 0.1 ; Now
Melting Wastz heat recovery Technical ,
reheating from furnaces 10-15 1-1.s5 Uncertain difficulties’
annealing I longer term
; only ;
: i
Foundry Scheduling of furnaces ;
casting to reduce holding of 20 0.5 1.2 Now ‘
hot metal ;
-~ Semi-fab Continuous casting 30 1.1 i 3 | Now ;
: processes !
E General

of process machinery

-

i
f
Improved maintenance 3 0.5 2 Now /

TOTAL  30-40 5.2-6.7. i
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Process

Strip
Rolling
Extrusion
Tube

making

Semi-~fab

Table 4

R&D Energy Saving Potential in the Copper Industry

Technology

High reduction
mills
CONFORM process

Seam-welded tube

Powder metallurgy

gy

Potential
Energy
Savings

% GJ

15 0.2
30 C.4

10 0.2

ca 66 6.0

Cost
effectiveness
(payback years)

Uncertain

<3

Uncertain

Uncertain

UK
Prospects

]

R :

Long Term
only

Good in
medium term

Long term
only

Fair in
medium term




Table 5

METHODS OF INCREASING EFFICIENCY IN FURNACE OPERATIONS

Rescheduling

In the operation of furnaces, materials are often held at a fixed
temperature to marry the upstream and downstream activities within a
production schedule, i.e. the holding operaticn is often used as a requlator
for the production schedule. For example, in the diecasting industry, a firm
might hold liquid metal at a fixed temperature for a period vhich depends on
the availability of moulds, shifts, manpower, etc. This holding operation
uses expensive energy for its operation. Charges are often held overnight or
at weekends resulting in considerable energy dissipation. Conversely furnaces
and ovens are emptied but kept at a high temperature ready for charging with
fresh material on the first day of a working week. Significant quantities of
heat can be expended bringing furnaces to temperature following a weekend
closedown or an overnight stop in production. In the above examples,
considerable quantities of energy could be saved by rescheduling the
production to make optimum use of the heating facilities. It is ironic that
the costly high energy step in any process is often used as a means of
matching raw material input to final output.

Good Housekeeping

Housekeeping measures which can have a direct bearing on energy savings
include organising the oven or furnace charge to obtain a balanced load,
removing contamination or moisture from scrap or other non-clean charge
material prior to charging; and properly maintaining both the charge feed and
charge removal mechanisms at all times. Furnaces can be charged and
discharged using either a fork 1ift truck or an overhead crare. Although,
with the former, replacement on breakdown is relatively straightforward, a
breakdown at an inappropriate time wiih the latter can represent significant
energy losses. In a recent visit to g copper castings manufacturer a 25 tonne
charge of molten copper was held for seven hours while parts for an overhead
crane were replaced.
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Furnace Casting

The vast majority of furnaces or ovens in use at present are constructed
from thermal bricks inside a metal framework. In the more modern furnaces
employing low thermal mass insulation, a metal box structure is used and
because the insulation is often fibrous or granular, it is sandwiched between
metal or brick partitions. Although suen furnaces have the advantage of being
stronger than the more traditional double-brick type oven or furnace they
suffer from the disadvantage of being less easy to re-line or repair. The
casing of an oven or furnace is highly susceptible to damage through knocks
and bumps, often from the charging mechanism, (i.e. a forklift truck or
overhead ladle). With a brick casing, repairs can be made quickly (although
the frequency of these repairs may be fairly high), while with the metal
casing the degree of damage should be significantly reduced, although repairs
will take longer to complete.

Insulation

The use of high temperature insulation in industry is one of the ma jor
ways in which energy can be used more efficiently. High temperature thermal
insulation in U.K. industry has bzen the subject of a recent major study for
the Energy Technology Support Unit, ETSU, and conducted by the Engineering
Sciences Division, both of which are at Harwell.

Heat Sources

The type of heat source used in an oven, furnace or kiln is dependent on
the availability of fuel at a particular site. Of all the fuel types only
coal has not made a major contribution to furnace, oven or kiln fueling. 1In
recent years, electric furnaces have made an increasing impact. It is
worthwhile listing the advantages and disadvantages of electric heating as
there is an increasing penetration of this fuel type in furnace development.
These advantages and disadvantages are listed below. One factor which is not
shown yet can have an effect on a decision to 'go electric' is the
prejudice/experience for one type of fuel.
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Advantages Disadvantages

Highly efficient to customer High capital costs

High turn down ratios Low heating rates for non-irductive
heating

No waste heat problem Tendency to form carborundum deposits

in certain applications

Possibility for automatic control

Clean and silent

Waste Heat Recovery

A number of newer types of industrial gas burners are currently
available. All new burner developments have been made to reduce the primary
fuel usage per tonne of metal processed. With porous element burners, and
flat flame burners this is achieved through high uniform flame intensities and
rapid metal throughput. With gas-fired recuperative burrers, the waste heat
from furnaces and ovens can be fed back to be used within the burner thereby
reducing fuel consumption for the same flame temperature. In both cases
air/gas is employed as a fuel. In the recuperative burner, hot, clean air is
fed from a heat exchanger in the waste gas stream linto the burner. Air
temperatures as high as 400°% can normally be tolerated by this burner
type. With the sel f-recuperative burner, the hot waste gas is drawn through
the burner and preheats the incoming air; this is then mixed in the nozzle of
the burner with the gas and combustion takes place. The main disadvantage
with self-recuperative burners is that particulates in the furnace atmosphere
can induce fouling which affects thermal efficiences and ultimately burner
lifetimes. Another disadvantage is that the extracton of a hot atmosphere at
the burner often upsets the temperature distribution within a furnace or oven
and so adversely affects heat-treatment or preheat operations. Despite these
disadvantages, self-recuperative burners have been shown to be significantly
more energy efficient than conventional recuperative burners. They also
eliminate the requirement for an air-to-air heat exchanger and the hot gases
are available directly at the point of combustion.
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There is on the horizon another competitor for furnace and oven fueling
in the form of coal. This energy source has been traditionally used in the
steel industry for furnace heating but it has recently been given a boost by
the extention of the government's grants for the conversion of boilers to coal
firing to cover furnaces and ovens. It is probable that in the next 2-3 years
coal firing will make a zmall but significant impact into the furnace, ovens

and kilns market.

Furnace controls

Many furnace controls are manual or semi-manual and the heating
conditions at a particular time are determined soley by the furnace operator.
Understandably, operators are often motivated by throuchput requirements
rather than maximum enerqy efficiency, and poor furnace operations can
result. For example, if rapid melting is attempted then the fuel rates to a
burner can be increased producing excessive radiation, convective and
conducive losses without a significant improvement in the heating rates.
Incorrect settings of controls can result in charge being held at too high a

temperature, excessive heat loss, and aslo shortened furnace lifetimes.

One of the obvious ways of rectifying the situation is to take immediate
control away from the furnace or oven operator. With the advent of the
microprocessor, a number of companies are now selling oven, reheat and
heat-treatment furnace control systems which will allow furnace conditions to
be automaticaly changed when the charge is added to or removed from the
furnace. These devices can improve furnace lifetimes, save considerable
amounts of energy and improve throughput. There is, unfortunately, still no
commercially available microprocessor system to control melting and holding
furnaces. A recent development by BNF Metals Technology Centre, BNFMTC, uses
a microprocessor to control the operation of a copper melting furnace, and the
British Aluminium Co. Ltd is currently investigating the control of an
aluminium holding/casting furnace under an EEC R&D grant. The results from
both projects look promising although figures are not yet available on the
long term enmergy savings or relisbility of the controls. The control of
furnaces operating at high temperatures (greater than 800°C) is hampered by
the inadequate temperature measurement systems which are available in this
temperature range. R&D is required in this area to develop a simple, cheap
and robust device for measuring high temperatures in furnace atmospheres.
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Input/output ports

With all furnaces, ovens and kilns there m. st be mechanisms for both
introducing and removing the charge. With metal furnaces there is an
additional requirement for an aperture to remove oxice or dross from metal
surfaces during melting or holding. All of these apertures in a furnace can
result in heat lesses and it is therefore considered good housekeeping to
ensure that doors are not cnly closed during non-essential periods but are
aslo well insulated and fit well into the furnace. With many of the control
systems available for heat treatment furnaces, burners are often automatically

turned down when doors are opened.

Waste Gas Stream Exit

In non-electrically heated ovens, furnaces and kilns there is a
requirement for an exit port to allow waste gases or hot air to escape. This
exit represents one of the main areas of energy loss in the operation of the

furnace.

- l,07 -



gon -

ENERGY CONSERVATION POTENTIAL IN THE LEAD AND ZING INDUSTRIES

Table 6

Process/Measure

Primary Smelting

- combustion of blast
furnace gas

- heat recovery from
sintering plant

- heat recovery from
cooling water

Zinc Processing

- good housekeeping

- improved furnace
control

-~ scheduling

- waste heat recovery

- product yield

Secondary Lead Smelting

- good housekeeping
- waste heat recovery

Lead Refining and

Processing

- good housekeeping

- improved furnace
control

- waste heat recovery

- product yield

Average PFER
(G/J Tonne)

52

23

16

]

Cost
effectiveness
(payback years)

10
10

<1
10

<1
10

15

Potential
Energy
Savings

% G o

10 5.2

10 5.2

10 5.2

10 2.3

20 4.6
5 1

20 4.6
5 1

10 l.6

10 1.6

10 0.5

20 1

10 0.5
5 0.3

‘
-

UK
Prospects

Likely to be in-
stalled by 1990
c.a. 2000

c.a. 2000

not likely to be
used




PRCFILE NO.
18

24
25
28
38
50
51

53

54
63
92

93
94

95

107

115

115
118

120

Table 7

ABBREV.{ATED TITLE

Rotary Regenerative Air Pre-Heater on Aluminium Melting
Furnaces

Self Recuperative Burners on a Heavy Forge I"urnace
Recuperative Burners on a Centinuous Reheating Furnace
Space Heating from a Bale-Out Furnace

Space Heating from Heat Treatment Furnace Burn-0ffs
Design Study for Heat Recovery from Iron Founcry Cupolas

Reduction in Metal Melting Energy by Improvement of Yield of
Good Castings in the Iron Casting Industry

Microprocessor-Controlled Waste Heat Recovery at a Copper
Works

High Velocity Heavy Fuel 0;1 Burners for Alumimium Melting
<ow Thermal Mass Muffle Furnace

Heat Recovery from an Aluminium Melting Furnuce for Air
Preheating and Stock Drying/Preheating

High Speed Continuous in-line Annealing of Copper Tubes
A Flux Degassing Unit for Treatment of Aluminium Alloys

Energy Reduction in the Production of Spheroidal Graphite
Iron Castings

A Single Burner Tundish Dryer

High Efficiency Electric Radiant Holding Furnaces on
Diecasting Machines

Bale-out Furnace with Low Thermal Mass Insulation

Pulverised Coal Burners Incorporating Oxygen Enrichment to
Direct Melting Furnaces

AR Recuperative Burner-Fired Plate Heat Treatment Furnace

Project Profiles are published by the Department of Energy and are availahle,
free of charge, from the Enquiries Bureau, Energy Technology Support Unit,
Building 156, AERE Harwell, Didcot, Oxon 0X11 ORA. Telephone: 0235 834621
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RATIONAL USE OF ENERGY IN THE
ALUMINUM INDUSTRY

RALPH EEENEMAN
BRANCH CHIEF
OFFICE OF INDUSTRIAL PROGRAMS
U.S5. DEPARTMENT OF ENERGY

The subject of energy is of critical importance to every nation,
industry, business and individual. In the past, the United States'
economic strength has, in large measure, been based on a generous,
diverse supply of low cost energy. However, the distortions in supply,
and the increasing energy prices of the past decade, have stressed the
American econcmy. Energy, although not the only factor, is a major
reason why the U.S. has witnessed a slowdown in productivity. To remain
competitively strong, industry in general, and the aluminum industry, in
particular, must replace or retrofit plants which are obsolete in terms
of ernergy consumption and technology.

When a significant proportion of the United States' aluminum smelters
weire built in the 1940's, 10 kilowatt hours (kWh)] of electricity were
required to produce a pound of aluminum. Currently, about 8 kWh are required
by Pacific Northwest Plants. However, new technology requires only 6 kWh.
This change is significant when one considers the escalating price of
electricity and the substantial amount of ejectrical power that the aluminum
industry consumes (i.e., over 70 percent of the industry's erergy consumption

is ia the form of electricity).

] Renner, W.B., Vice Chairman, ALCOA: Tne basis is a plant
located in Vancouver, Washington, USA.
Fourth Annual Energy Conservation Technology Conference and Exhibition,
Ho'.ston, Texas, April 1982,
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The rapid increases in energy prices led to conservation, which
in turn led to the end of predictability in energy demand forecasting.
More troublesome and with potentially severe consequences to the utili-
ties and their ability to make rational ]oad forecasting decisions, is
that the U.S. industry has matured to a point where its infrastructure
needs rebuilding. An eroding baseload causes even more compiications in
forecasting power consumption and building capacity consistent with these
forecasts.

The current recassion has also exacerbated the situation. As a
result of higher interest rates and falling aluminum demand by major
consuming industries (e.g., automotive and housing), aluminum inventories
soared, peaking at just under five months' consumption in the spring of
1982; inventory levels have generally averaged three months' consumption.
Although steps were taken to reduce operating costs by producers, the
quickness and level of response were not enough to counter the more
rapidly deteriorating economy.2

Another potentially serious effect of the recession is the capital
formation program of the aluminum industry. In a Chase Econometrics
sur‘vey2 of the five-year investment plan (i.e., planned increments to
aluminum capacity during the 1981-1986 timeframe) for the major primary
aluminum ~melters, there appears to have been a substantial decrease in
the planned incremental capacity. More specifically, a survey in December
1980 by Chase Econometrics indicated that, during this five-year period,

2.4 million metric tons of incremental capacity was being planned; the

most recent survey, in December 1982, showed that this had been reduced

2 Adams, Robin. Journal of Metals, February 1983. "The Impact of
the Recession on the Aluminum Industry and its Customers."
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to only 1.3 million metric tons. This increment represents 9.1 percent of
the current world capacity and an underlying rate of growth of less than
two percent per annum. Given a rate of growth in U.S. consumption to be 3-4
percent compounded per annum, the current domestic investment plan is clearly
insufficient relative to the prospective growth in domestic demand. On this
basis, some industry analysts (e.g., Robin Adams), foresee a repeat of the
situation occurring in the late 1970's, when the real price of aluminum
doubled in a comparatively short period. When one considers the lead time
required for new smelters, the 1ikelihood of another violent cycle in the
aluminum industry is great unless steps are taken to increase production
flexibility and efficiency, and to avoid inventory and price swings.

Indeed, the recession has had a significant impact. However, the
U.S. economy has begun to recover. With the reduced rate of inflation,
an upward trend in real consumer income, a substantial "unspent" consumer
spending potential on durables, and the reduction in interest rates, the
expectation is high that markets for aluminum products will increase as
part of a strong recovery in the metals industry and the U.S. economy in
general,

As we are all aware, numerous forecasts have been developed with
regard to aluminum demand and production. The U.S. Bureau of Mines in
late 1982 forecasted a 5.5 percent annual rate of growth of demand
through the year 2000. Kenneth Br‘ondyke3 suggests that, with an incre-

mental increase of primary production of 1 million tons and an annual

3 Brondyke, K.J. Journal of Metals, "The American Industry in 1982
and Outlook for the 80's,” April 1983.
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increase of primary production of 3.5 percant, U.S. primary aluminum
capacity will not be exceeded until 1989,

Although there has been a diversity of opinion projecting primary
aluminum production (e.g., on the pessimistic side, V. Besso4, while
M. Fitzgerald and G. Pollis are more optimistics) one fact appears
clear; secondary recovery of all forms of aluminum will represent an
increasing fraction of the total aluminum supply throughout this decade.
For example, aluminum production by secondary recovery methods in the
U.S. has gone from 50 percent of primary production in 1978 to an
estimated equal amount in 1982.6 This increase, resulted, in part, from
growth in beverage can recycling by primary aluminum producers who process
large quantities of used cans as source metal for can sheet and, of course,
from extensive shutdown of primary production during 1982.

Trade in bauxite, alumina and aluminum ingot is international in
scope, as these basic raw materials have become international commodities.
Bauxite is mined in 27 countries; alumina is produced in 26 countries;
and primary aluminum is produced in more than 40 nations.

The U.S. aluminum industry, with extensive investments in ore and
smelting operations in many parts of the world, continues to rely on
foreign sources for bauxite. In 1982, less than 5 percent of the total
supply came from domestic ore and a majority of the domestic alumina

refineries are totally dependent upon imported bauxite. Although the

4 Besso, V. J. Revue de L'Aluminum, "Aluminum in the Not-So-Gay
90's," November 1982,

5 Fitzgerald, M.D. and G. Pollio. Journal of Metals, "Aluminum
The Next Twenty Years," December 71987,

6 Mineral Commodity Summaries 1983, U.S. Department of the Interior,
Bureau of Mines.
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U.S. has an abundance of non-bauxite alumina sources - clays, anorthosite,
alunite, coal wastes and oil shale residues, the recovery technologies,
which currently exist, have not proven more economical than the Bayer
process. Research in these areas continues and I will explain in greater
detail the activities supported by the Department of Energy later in

this presentation.

One-third of the U.S. aluminum industry capacity is located in the
American Northwest. The attraction, of course, was the abundance of
Tow-cost hydroelectric power that grew from the federal government's
establishment of the Bonneville Power Administration (BPA)}. In the
1930's the aluminum industry, as well as other industries, were lured to
this part of the country to obtain the long-term, stable, low-cost power.
In turn, industry provided the sorely needed baseload t6 Justify develop--
ing the area's huge hydropower potential. Indeed, the arrangement was
beneficial to all.

However, electricity prices have risen sharply. For example, in
the Northwest today's electricity bills are 750 percent higher than 3
years ago.* With the recession induced de and dropping, as well as other
factors, the electrical utilities have faced new challenges in providing
large blocks of power, on a continuous basis, at reasonable cost. Energy
must be managed carefully by every industry; however, it is essential to
the aluminum industry -- electricity being its l1ifeblood. The competitive
advantage that the Northwest provided is rapidly disappearing. The jong-
term higher cost and uncertain availability of energy has prompted some
shift in aluminum production to less developed nations. Countries like
Australia and Brazil, which possess both bauxite and energy, are attracting

aluminum production capacity.

*W. B. Renner: Please see previous citation.
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In early May, the BPA took a bold step toward meeting this challenge.
It has offered, for the duration of 1983, power to the aluminum industry
at 11 rather than the current rate of 25 mills per kilowatt hour.

The application of sound energy management techniques and accurate
comprehensive planning will play a critical role in determining where the
aluminum industry will be located in the world.

Through the years, many technological improvements have been made
in producing aluminum from bauxite. Further improvements in material
handling equipment and increasing the energy efficiency in smelting are
expected. Methods to use new inert materials for cathodes and anodes
in the reduction process, computer control of the electrolytic process,
reconfiguration of the electrodes and cells and improvements in the
overall thermal efficiency of the cells have been and continue to be the
objective of government and private research programs throughou. the
U.S. and the world.

A major source of inefficiency in the production of aluminum is
the energy wasted in the bath resistance between the two electrodes. In
typical smelters the bath drop accounts for as much as two-thirds of total
energy lTosses. Narrowing the anode to cati ode distance is a strategy to
reduce the energy consumption rate. An inert or non-consumable anode is
being investigated, which would permit a precise and better controlled
setting, of perhaps two centimeters, from a titantium diboride cathode.
The anode-cathode distance in conventional smelters must be maintained
above about 4 centimeters to prevent intermittent shorting between the

anode and the turbulent metal pool which serves as the cell cathode,
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In addition, given the trend in petroleum coke prices and the energy
conservation feature of saving one-half ton of coke per ton of aluminum,
the prospects of the inert anode being developed are looked upon very
favorably.

Over the past several years, the U.S. Department of Energy's Office
of Industrial Programs (DOE/IP) has supported research in this field.
Specifically, in 1980 the DOE funded the Aluminum Company of America to
develop improved anodes. The first phase of the research has included
selecting a design for an improved anode, as well ¢ research and develecp-
ment on candidate materials. Two design options were originally considered:
(1) development of a protective coating or sleeve for carbon anodes and
(2) development of new inert anode materials to replace carbon.

Research has determined that the development of coatings for carbon
is not an effective approach to improving anodes. Attention has therefore
shifted to the development of inert anodes, composed of metal oxide
ceramics, that would have an expected 1ife of at least two years. Further
materials research is planned, to be followed by anode fabrication and
laboratory-scale testing programs., Additionally, a 20,000 ampere test
cell will be designed during 1983. The new "cermet" anodes will be useful
for retrofit applications or new cells.

The potential of titanium diboride as a fixed-cathode material was
first realized by the industry in the 1950's and 1960's. Kaiser Aluminum
pursued development of the concept as far as actual testing in 10,000
ampere cells, and demonstrated significant energy savings. However, the

effort was terminated when it became apparent that the titanium diboride
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cathode components available at the time contained too much titanium
carbide (up to 25%) and could not withstand the harsh environment in a
Hall-Heroult cell.

The first titanium diboride cathode inserts develoned by Kaiser
used carbothermically produced powder, containing admixtures of up to
25% titanium carbide that was hot-pressed into final shape. Inserts
made by this procedure exhibited poor impact strength and thermal shock
resistance and also allowed severe intergranular penctration by the
molten aluminum. As a result of this early development work, revised
material specifications were developed as general criteria to maximize
service 1ife in the Hall cell environment. They were:

0 High purity (>99% titanium boride);

0 Absence of sintering aids that can react with
molten aluminum or cryolite;

0 Low residual oxygen content {<500 ppm) ;

0 High density (>37%); and

0 Fine uniform equiaxed grain Structure,

Based on the above material criteria, Kaiser estimated it would be
possible to develop a cathode material with a reliable service 1ife of
several years,

In Tight of the energy market of the 1970's and the ability to produce
higher purity titanium diboride cathode components, Kaiser, sharing the
cost with the U.S. DOE, resumed the development effort in 1976. A 15,000
ampere cell was retrofit with a fixed cathode made of two different types of
titanium diboride insert, and operated successfully at anode-cathode

distances of approximately 1.9 cm (i.e., 0.75 inches).
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Once a reliable wettable cathode and inert anode pair is available,
these joint developments could eventually result in a "bipolar" cell, a
lTong-range goal of the industry.

The inert anode and titanium diboride cathode have been shown to be
practicable, that is, under laboratory conditions the devices cperate
and have apparent advantages over present practices. Both Kaiser Aluminum
and Alcoa appear to be improving on their original materials and methods,
so that practicebility is improving. However, research is needed to
solve the corrosion and erosion problems. Also the consequences of
combining the nonconsumable anode with the wettable cathode must be
subjected to extensive research, development and testing.

Accordingly, the DOE has recently initiated a project to acquire
in-depth knowledge of the candidate materials' behavior during electrolysis.
Specifically, work which will be conducted by the Massachusetts Institute
of Technology (MIT) will investigate, under electrolysis, cryolitic
dissolution of cathode and anode candidate materials produced in singie
crystal furin. Data from these experiments will provide a fundamental
understanding of the dissolution mechanisms associated with the material
itself, rather than those associated with fabrication or impurities,

Mso, the proposed work would apply the latest technology in the
fabrication of ceramic materials. A unique method of producing single
crystals of powier via laser-activated pyrolysis of highly pure liquids
has been developed. Recent literature indicates that highly dense,
mono-sized grained materials are best produced by using these precursor

materials.
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In a related activity, research on the limits of current efficiency
in Hall cells has been undertaken. More specifically, the proposed
research will study the effects of multiple valence on the electrodepo-
sition process in molten salts. Through the measurement of vibrational
spectra of metal halide complexes in melts of commercial significance
during electrolysis, the effects of so-called subhalides on the electro-
deposition process will be determined. This will be accomplished by
applying Raman spectroscopy, the technique acknowledged to be the most
powerful nieans available for the study of ionic species. This is possible
due to the fact that the Raman spectrum usually consists of fairly short
Tines which are little affected by admixture with other species. Further-
more, in systems where chemical or electrochemical reaction occurs, the
presence of new species can be detected by the dappearance of new Raman
lines. The method does not disturb the chemical reaction and gives in-
formation about the electronic state of the species present. In addition,
vibrational spectra will aid in the identification of “metal fog" which
is observed in molten salt electrolysis cells during operation. And
finally, the results will help to explain yet another mysterious occurrence
during electrolysis: the coloration of the electrolyte, which is normally
transparent. It is generally agreed that each of the above conditions
reduces cell efficiency and results in higher energy consumption. Thus,

a knowledge of the natures of the subhalides and “metal fog," and the
causes of coloration, will both aid our understanding of this important
class of melts and serve to guide subsequent improvements in the technology

to make it more energy efficient.
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"Red mud," the by-product from the extraction of bauxite, is a waste
material (i.e., containing aluminates, enriched in iron and titanium
oxides) requiring handling and large land areas for settling and disposal.
Utilizing red mud offers the potential to recover the valuable metal
feedstocks and reduce the volume of waste produced. Although red mud
has not been successfully utilized as a byproduct, several research
efforts have been conducted to develop methods to recover its valuable
materials. Bioleaching, a process which enhances the sojubilization of
sulfide ores (i.e., through the direct and indirect metabolic action of
microorganisms), has been applied to red mud in a few preliminary
studies (e.g., Hungary). Although the available information shows a
definite potential, the procedures and test results require validation,
Accordingly, the DOE's Idaho National Engineering Laboratory has agreed
to undertake a scoping study to verify and expard on the previous
studies applying bioleaching to upgrade red mud. In this research
activity, the effect of microbial action on red mud, and the effect of
microbial action when red mud is supplemented with reduced iron and
sulfur compounds which are required for cell growth, will be explored.
Red mud is deficient in these componen:s and enhanced leaching of
silicates, sodium and aluminates could be accomplished with these
additives. The removal of the components mentioned above will increase
the iron oxide content of the remaining solids, making the product more
suitable for iron smelting.

The Teachates will be checked for titanium and vanadium content.
Leaching this material will also make the "red mud" more suitable for

turther processing and the recovery of titanium and vanadium could be
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recovered as valuable byproducts. Secondly, the study will determine if
bauxite can be upgraded with a microbial treatment. Thiobacillus strains
and possibly Penicillium species will be innoculated on several different
bauxite samples. Since no previous literature data is available on
microbial bauxite leaching except for one abstract from Russia, the
initial work will examine the influence of several parameters on the
Teaching of bauxites.

The policy of the U.S. government is to support high-risk, high-
reward (i.e., energy savings) research of a fundamental nature. The
national benefit of prime concern to the industrial energy conservation
program is increased energy efficiency. However, the U.S. energy program
should be viewed as a Catalyst ultimately leading to full private sector
involvement in advanced technology utilization. The primary component of
that cat-lyst is a technology research and development (R&D) support
program, .

The inherent characteristics of energy conservation R&D (i.e.,
high risk, long duration, large Capital expenditures), concomitant with
industry's policies and investment practices, has to a great extent pre-
cluded pursuing of significant energy conservation process R&D solely in
the private sector. More specifically, federal participation in energy
conservation R&D has and will continue to evolve because:

0 Industry acting alone is reluctant to pursue R& which is

non-exclusive. The private sector has lTittle incentive to be
the Teader in R&D unless the bencfits of the innovation can be

protected.



0 Industry alone will not perform R&D which responds more
to the national welfare than to its own. A variety of
relatively slow payback R&D activities fall into this
category, and include alternative fuel utilization tech-
nology, industrial waste utilization, and materials
recycling technology.

0 Industry cannot easily perform R&D in direct cooperation among
competitors. A promising, but very capital intensive, high-
risk R&D concept may he beyond the capability of the origi-
nating firm, but collaboration with a second firm may violate
antitrust Jaws.

0 Industry alone will selectively avoid R&D with a Tong-term
expected payback period. The corporate investment horizon
even for R&D is extremely short when available funds are
Timited,

Industry cannot perform R&D beyond the firms' or industry

[&]

association's research capability. The historically low R&D
lTevels in the energy-intensive process industries have resulted
in Timited research capabilities within these industries.
Thus, many impcrtant opportunities to reduce o0il and other scarce fuel
consumption in industry lie outside the primavy thrust of private sector
research.

The first oil price shock in 1973 caused U.S. industry to rapidly
accelerate its efforts to reduce energy costs and enhance security of
energy supplies by reducing energy consumption and switching to low-cost
fuels wherever possible. This shift toward a greater emphasis on energy
conservation in industry has not been a smooth one, but the overall

direction has been clear.



Although some energy conservation efforts began immediately, it
took several years for many companies to be convinced that higher energy
prices were here to stay. It also took time tor a new industrial energy
conservation "infrastructure" %o develop. Eventually, many firms
established and staffed corporate-level energy management programs. By
the time of the second larqge Jump in oil pricec in 1379-1980--and the
continuing decontrol of domestic oil and gas prices--companies in most
industrial sectors had their conservation programs well underway and
were prepared to quickly respond to the added energy conservation
incentives created by the 1979-1980 price increases.

As industry's energy conservation programs continued, there was a
natural and logical evolution in both the type of energy conservation
measures undertaken and the extent of their implementation in individual
industry sectors. Early energy conservation programs and activities in
all industrial sectors were concentrated on those measures which yielded
the highest savings at the lowest cost--and with minimum disruption to
existing operations. The implementation of a wide range of these low
and moderate cost measures, championed by the newly created corporate
energy managers, spread throughout the manufacturing sector. These
housekeeping and moderate cost measures made particularly significant
contributions to energy savings in those industries with medium-to-low
energy use levels,

By 1981, however, it became increasingly clear that industry
was moving toward the next stage of its energy conservation efforts. As

individual companies and industries progressed in their search for
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energy savings, the number and type of energy conservation options
available to them had also changed. A large portion of the cheap and
simple projects had already been done. The achievement of further
energy productivity gains would be increasingly difficult and compli-
cated, and would come in large measure only from more expensive, capi-
tal-based projects.

The predicted trend toward moere capital projects had other impli-
cations. Because most of the more energy-intensive sectors are capital-
intensive sectors--and are also the sectors with the highest incentive
for achieving further energy cost savings--a growing share of total
industry energy savings would nave to come from those sectors. Second,
there would probably be a widening divergence in the nature and scope of
the energy conservation projects pursued by different industry sectors.
As the relative cost of available energy savings increases, relatively
lTow energy-using industries will find it harder to justify capital
projects aimed solely at energy conservation. A third implication
of the need for capital projects to achieve further conservation is
a need to make energy efficiency a major consideration in the planning
of all new capital projects and a reduction in the segregation of energy-
saving projects from other types of investments.

The federal government has played a key role to ensure that energy
efficiency improvements continue to be achieved, and has provided legisla-
tion that encourages fundamentally sound energy planning and research.

Recognizing the potential implications of an increasing and uncer-
tain power supply in the Pacific Northwest, in December 1980, the

Congress of the United States enacted Public Law 96-501. This law, the
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"Pacific Northwest Electric Power Planning and Conservation Act," in
conjunction with other applicable federal and local legislation, estab-
lished a representative regional planning process to assure the region
of an efficient, economical, reliable and adequate power supply. To
accomplish this, the law provided, in part:

0 Loans and grants to consumers for increased system efficiency
and waste energy recovery by direct application;

0 Technical and financial assistance (e.qg., credits) to, and
cooperation with customers and governmental authorities to
encourage adoption of maximum cost-effective conservation
measures;

0 Funding for studies and demonstration projects to determine
the cost-effectiveness of conservation measures; and

0 Mechanisms to offer industry long-term firm power.

Thus, both legislation and a continuing public sector energy R&D
program have been instrumental in initiating an effective energy con-
servation program.

As we all fully understand, electric power cost and its reliable
availability is critical to the aluminum industry. As such, although
research should result in major energy improvements in smelter operations
and incentives such as billing credits provided by the Bonneville Power
Administration as encouragement to remain, or expand operations in a
particular location, the aluminum industry will continue to be attracted
to sources of low cost power,

Based on the consumption figures reported in Exhibit 1,* demand for

primary aluminum in the United States will increase from 13 billion to

* CharTes River Assoc. . Inc., ™Primary Aluminum Production and
Electricity Consumption in the TVA," Region; March 1983.



EXHIBIT 1

U.S. PRIMARY ALUMINUM DEMAND
(Million Pounds of Aluminum)

1981 1985 1990 1995 2000

U.S. requirements for Al

ingot 12,033 15,900 19,500 23,800 29,000
Ingot requirements met by
recycling
New scrap 2,338 2,600 3,100 3,800 4,600
01d scrap 1,772 2,400 3,300 4,000 4,900

U.S. requirements for
primary Al ingot 7,923 10,900 13,100 16,000 19,500

SOURCE: 1981: Aluminum Association.

1985-2000 Charles River Associates Incorporated
estimates.
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approximately 19.5 billion pounds from the year 1990 to the year 2000.
This increase of 6.4 billion pounds, or 3.2 million short tons, would
require production from the equivalent of approximately 11 smelters,
each producing 300,000 short tons of aluminum. During the 1990s, the
introduction of titanium diboride cathodes and inert anodes into some of
the existing potlines of aluminum smelters in the United States could
produce an effective capacity expansion of as much as 10 percent of U.S.
capacity, or the equivalent to two 300,000 short ton smelters.

While successful research and development to redesign and improve
the energy efficiency of Hall cells will reduce the importance of power
costs relative to other smelter costs, smelter location will continue to
be heavily influenced by power costs.

The use of aluminum in automobiles where its reduced weight saves
petroleum fuels is well understood. It is also well known that many
nations have extensive uses for the metal in residential construction
and consumer products.

The initial use of energy in smelting aluminum is always the major
hurdle to the development of an aluminum industry. The aluminum pro-
ducers of the world have been very skillful in developing fabrication
equipment to convert primary aluminum from ingot to mill shapes and
consumer and construction products.

Historically speaking, third world nations have always used hydro
and bauxite resources to generate exchange credits. Insofar as the
rational use of energy is a policy determinant, the fabrication of

aluminum into useful consumer, construction and electrical products
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provides the greatest benefits per unit of energy consumed. Aluminum
common alloy products do not require much additional energy once the
metal in primary form is produced or acquired.

Application engineering has been purused almost feverishly by the
major primary aluminum producers for decades in their desire to create
new markets for their products. Most of this technology is so extensively
developed that it is readily available to any nation which wishes to use
the development of requisite resources in the industrialization process.

Those nations who do not possass excess hydro power or bauxite
resources generate significant value added by manufacture of construction,
consumer and electrical products from aluminum for their own use.

Many businessmen equipped with imagination and resourcefulness in
finding and filling consumer needs where none existed before have literally
created new industries in the United States and other developed nations.
In many cases these aluminum consuming industries do not go beyond a
given nation's border ana require only aluminum or aluminum scrap as a
basic raw material. Since energy for remelt is approximately 5 percent
of the energy needed for primary smelting, a significant contribution
to a nation's well being can be made without undue demands on

energy resources.
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In summary, the energy crisis is subsiding but it has had a profound

and lasting impact on the aluminum industry in many parts of the world.

Higher costs of electric power have forced primary producers of
aluminum to examine the most basic characteristic of electrolytic reduction
in search of energy conservation. Forecasts of future pPower cost increases
prevent relaxation in the search for energy efficiency. Nevertheless,
there are practical limits on the efficiency improvements which can be
expected. Thus, third world nations with major undeveloped hydro power
potentials have the opportunity to market such power to cover aluminum

demand, which will surely grow in the foreseeable future.

This places such nations in an enviable position to further develop
aluminum using industries in their own domestic economies. The funda-
mental properties of the metal, i.e. Tight weight, high strength,
electrical conductivity and resistance to corrosion can be depended upon

to stimulate demand if the metal and the tools to work it are present.
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RATIONALIZATION OF ENERGY CONSUMPTION IN MINERO
PERU'S CAJAMARQUILLA ZINC REFINERY

Cdsar L. Fuentes
Zinc Refinery Manager
MINERO PERU S.A.

Introduction

The zinc refinery is located 22 kilometres North East of Lima at. an
altitude of 450 metres above sea level in the District of Lurigancho,

Department of Lima.

The plant started up in March 1981, having been taken over by MINERO
PERU from the contractor on August 10, after the plant's capacity and product
quality had been thoroughly checked, according to contract. Since this last
date, the Refinery has been operated exclusively by Minero PERU S.A. staff.

The plant processes a yearly total of 220,000 tons of 52% zinc
concentrates which originate in the Central Sierra of Peru. As a result of
processing, 100,000 tons of refined zinc are obtained per year along with the
following sub-products: 160,000 tons of sulphuric acid, 330 tons of refined
cadmium, 1,200 tons of copper residues and 12,000 tons of lead-silver residues.

1. Metallurgical Process

This process consists of the following three main stages:

- Roasting and Sulphuric Acid

The zinc concentrates that arrive are roasted at 930°C in the
presence of air but without external heat being supplied since the
transformation of sulphides into oxides generates heat which is used
for steam raising and, afterwards, for electricity generation and

process heating.
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The roasted products are:

Calcine: Mainly zinc oxide and the oxides of various other metals
contained as ore impurities.

Gases: Mainly sulphur dicxide but also oxygen and nitrogen is
purified, dried and then used in sulphuric acid
manufacture. The residual gases are then released by a
chimney whose discharge point reaches 690 metres above
sea level.

Steam: Between 26 and 30 tons/hour of 40 atmosphere steam are
produced for the generation of 2,200 kW in a
turbine-alternator. The steam leaving the turbine has a
pressure of 4 atm, and is used for process heating.

Leaching and Purification

The leaching is carried out by applying 95° steam to the calcire,
continuously and in several stages, with the object of disolving the
largest possible amount of zinc.

Ouring this process, lead and silver are separated from the zinc and
iron is eliminated in the form of Jarosite in a different residue.

The zinc sulphate solution is purified by adding zinc powder. The
Cu, Cd, Ni, Co and other impurities are thereby eliminated.

Electrodeposition and Smelting

The pure sulphate solution is used as the electrolyte. Upon the
passage of electricity the zinc is deposited on the cathodes and
sulphuric acid is recovered to be reused in the leaching process.
The zinc sheets are then smelted in an electric furnace and cast in
either of three commercial shapes, according to demand.
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Energy System of the Zinc Refinery

The main energy forms used are:

a)
b)
c}

a)

b)

electricity of hydro origin
electricity, steam generated
electricity, using diesel oil No.2 as fuel.

Hydro-Electricity

The plant's electric system is fed by ELECTROLIMA and has an
installed capacity of 81 MvA, i.e. three monophase 27 MVCA and
220/30 kv transformers.

The cistribution system is at 30 kV and is connected to four
transformer-rectifiers of 12.5 MW power with the electroiysis system
at a maximum of 446 Vv (BC) and 56,000 amn., where two units operate
in parallel. Current is also fed at this voltage to an induction
furnace with a power of 2.5 MW and also to two 12.5 MVA, 30/4.6 kV
transformers. Current at 4.16 kV is then fed into 15 motors of
different powers as well as into 4,16/0.44 kv transformers for
feeding of smaller motors. The lighting system is at 220 v and
controls at 110 V.

The maximum power made available by ELECTROLIMA is 60,000 kW and the
monthly average consumption is 35,000,000 kwh, 15,000,000 kVARh with
a power factor of 0.91.

The Refinery has the capacity Lu wuik witn a stable load during the
full 24 hours or varying according to peak power limits. Thus, the

load factor is high at 0.89.

Steam-Generated Electricity

During normal roasting plant operation, the waste heat of the
furnace gases is recovered in LAMONT WH boilers for the production
of super-heated steam. These are watertubes with a nominal capacity
of 30 ton/h steam at 40 bar pressure and 350°C.

—U32—


http:4.16/0.44

With this steam, electricity is generated in an ACEC turbogenerator
with a power of 2170 KW and exit voltage of 4,160 V which is
synchronized with the grid.

In addition, two emergency boilers of the following characteristics

are available:

Directly Fired Boilers

Manufacturer Menaeyer-Willebruck
Fuel : Diesel 0il No. 2

Type : Watertube

Fuel Control : Automatic

Capacity : 33 Ton/h and 13 Ton/h
Pressure : 10 bar, 10 bar

Flue Gases : 250%¢, 270°C

c) Diesel-Generated Electricity

Ouring grid blackouts, the diesel engine and generator switches on
automatically, the equipment has the following characteristics:

Manufacturer Cockerill/acec
Power : 3121 KvA

Power Factor : 0.8

Fuel : Diesel 0il No. 2
Voltage : 4,160 V

Specific Energy Consumption: 1982

Production of zinc bars 92,147 MT
Energy Consumption

Electricity 354,697.6 Mwh
Diesel 0il No. 2 2,343 .4 TEP
LPG (0.25 gal/MT fipe Zn) 48.7 TEP
TOTAL FUEL 2,392.1 TEP

(1 TEP = 107 keal)
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Specific Consumption of Electricity

SECel = 3,849 kWh/MT fine zinc
fuels
SECth = 260 kcalskg fine zinc

Flectricity Rationalization

During the plant's first year of operation the aim has been to take the
best aavantage of the established electricity tariff, the structure of
which was 70% for active enerqy, 17% for reactive ~nergy and 13% for
maximumn demand. Given these rates, the plant's consumption was
programmed to be as uniform as possible during the full 24 hours. The

reduction of reactive cnergy was planned and this is now underway.

In 1982 negotiations regardina a new tariff with ELECTROLIMA were
started with the following results as of May that year. It was seen
that Cajamarquilla's consumption could follow the load curve of
ELECTROLIMA where the peak occurrs between 1800 and 2200 hrs. It was
therefore proposed that the Refinery operate at 40,000 kW during this
period and also eliminate the reactive enerqgy by January 1, 1984 in
exchange for no extra charges being made during peak hours, a proposal
that was accepted by ELECTROLIMA. The Refinery thus took steps to
maximise profitability by the best possible use of electricity supply.

The yearly established tariff ended on April 30, 1983 for which reason
MINERO PERU has expressed its points of view to the pertinent
authorities with regard to lowering power demand to 20,000 kW during
peak hours, on condition that the lower revenue obtained would be

compensated by at least a 10% reduction in the effective rate.

The application of the tariff just expired has meant a lower bill, with
respect to the original tariff, of US$7 million per year in spite of the
fact that the former was fixed in US$ and not in soles, as is the jcase
for all other consumers.
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Tariff System

Under the agreement with ELECTROLIMA, the new tariff is as follows:

a) Ory Period

Comprising the 7 months between May and November.

b) et Period
Comprising the 5 months runining from December to April.

In each season, active energy is differentiated into two daily periods:

-  Peak: Between 1800 and 2200 hours during which the
Refinery may demand up to 40,000 kW by paying
the highest tariff. Peak energy consumption is
about 5,000,000 kiWh/month.

- Base and Shoulder: Comprising the hours 2200 to 1800 during which
the Refinery may demand the full 60,000 kW,

The peak tariff (active emergy) is about double the base and shoulder
rates.

Regarding reactive eneray a transitional tariff was approved subject to
the elimination of this energy during the current year. A low rate
would be charged fur reactive energy with a power factor of 0.98 and a
much higher rate for lower factors.

Reactive energy will be eliminated by October of this year by the
installation of a 25 MVAR bank of condensers and a synchronous 2 MVAR
motor.

A study on the efficiency of the plant's electric system is underway
which includes the operation of the motors at full load, using the
transformers at maximum capacity and continuously checking the system's
insulation,

Maximum demand is computed on the basis of peak load. The tariff is

recalculated monthly according to the current US$/sol exchange rate,
The average annual cost per kwh (including 25% tax) is 3.6 USE.
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Rationalization of 0il Consumption

The contractor that built the Refinery was also charged with start-up,
delivering the Plant to MINERO PERU in fully operational conditions,
where zinc recovery reaches 94%. However, for this, additional steam to
that raised by the waste best boilers was required - some 6t/h - made
possible by a 50% capacity use of the Willebruck boiler which entailed

the use of scme 60,000 gal/month.

Various tests were carried out with the view of saving oil and the
conclusion was that the lower recovery of zinc by eliminating the
additional steam would be less than 1% and this would lead to a bonus
side-effect of reducing silica dissolution, always a problem in zinc

recovery.
Hence, the following adjustments have been made:

a) Uniform operaton of the roasting plant by maintaining a minimum
ratio of 2.3 between concentrates and zinc bars.

b) No use of extra steam, not even during roasting plant oucage of less

than 8 hours.
It has been found that the lower recovery of zinc in the leaching has

affected total recovery by less than 0.5% or a monthly loss of
US$13,000. However, the fuel savings are larger at US$48,000 per month,
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RATIONAL ENERGY USE IN THE CEMENT INDUSTRY

Vladimir Camacho Rodriguez
Vice President of Cement Production
Industrias c¢ Inversiones Samper S.A.

Bogota, Colombia

1. INTRODUCTION

The cement industry was an obvious choice for the list of topics to be
presented at this meeting since it is definitely one of the largest consumers

of energy in its various forms.

At cvery important cvent organized by local, national or regional ccment
guilds, or by agencices concerned with the generation and use of energy, econo-
my in its usc is practically a mandatory topic, and often the keynote. To men-
tion but a few examples, this was the case at the first Colombian meeting on
cement, held in Bogota in May 1976, and organized by the Colombian Institute
of Cement Producers; at the sccond General Mceting of the Latin American Group
of Cement Institutions; and in the paper on rational energy usc and energy con-
servation in the latin American cement industry, as presented in OLADE headquar-
ters in Quito, in September 1981.

Practically cvery factory or company is working as well, at different mana-

gerial and technical levels, in the search for a reduction in energy consumption.

Although the origin and goals of governmental agency programs do not always
agree with those of private enterprise, their endeavors on all fronts are making
effective contributions to the universal problem of rational energy use and the

Conservation of cnergy reserves.

As must be expected, the orientation and intensity of these efforts differs
from factory to factory, to a greater degree from country to country, and even
more so, from region to region, as in the differences between Latin America and
the countries of North America and Europe. These differences can be explained
by greater or lesser motivations, the degree of development, general economic
conditions,and their respective markets in particular; that is to say, by the
availability and cost of energy sources and technological development and by
the availability and competition on financial markets and the cement market it-
self.
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2. FORMS OF ENERGY CONSUMPTION IN THE CEMENT INDUSTRY

The industrial process of cement manufacture may be broadly summarized

as follows:

Mixed in determined proportions, calcium, silicon, aluminum, and iron
oxides arc fed into a revolving furnace, in which they go against the
current of the gases produced by the combustion of coal, fuel oil, natural
gas, or some other fuel. The heat from these gases decarbonates the cal-
cium carbonate, which then breaks down into lime and €07, drives water
from the clay that provides the aluminun oxide and silica, melts the iron
oxides, and raises the temperaturcs to some 1,700°C, at which point the
oxides combine with cach other in various ways to produce clinker, the

basic product leaving the furnace.

Depending upon the moisture content of the mixture of raw materials
fed into the oven, the process can be dry, wet or intermediate (semi-dry
or semi-moist). This variable is the determining factor in energy con-

sumption, since the water must be removed by evaporation.

The themnial energy consumption of the furnace is highly variable,
depending on the type of process used, as already explained; the quality
and type of clinker produced; and the type and condition of the insulation;
the condition of the furnace and its control; the quality and homogeneity
of the fuel; and the adequate handling of the balances of mass and of
energy, mainly. Consumption values can vary between some 700 and 1800

Kcal/kg of clinker.

The clinker produced in the furnace is mixed and ground very fine,
normally in ball mills, together with gypsum. It is also common to add
other components to the mixture, as in the case of pozzolanic materials,
furnace slag and fly ash, which are considered as active additives,
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or limestone and other inert materials. As can be clearly deduced, the
thermal cnergy consumption per ton of cement is inversely proportional

to the amount of clinker present in this mixture.

In addition to the grinding of the clinker and other cement components,
the process includes other size-reduction operations. ‘The limestonc,
clay, iron ore, gypsum and sand arc pulverized in the different types
of triturators. The mixture of the raw materials and the carbon are
ground in vertical roll  mills or horizontal ball mills. A1l thesc
machines consume large amounts of clectricity, and their transformation
into useful energy is quite inefficient. It is thought that the pulver-
ization work yiclds a real cfficiency of 2 to 20% in the pulverizing
process (1).  These pulverizing operations consume 80% of the clectricity
used to manuflacture cement. This energy consumption depends on the
type of machinery, its design, construction, and the cendition of the
cquipment in terms of wear, the nature of the materials being worked

with, and the balance between their initial and final sizes.

Given the size of cement plants and the varicty of operations, it
becomes nccessary to transport materials over large distances, which
may total scveral kilometers and many meters of vertical distance. This
transport also consumes clectricity, along with the above consumption
and that of lighting, laboratories, and administration; the specific
figurc may vary from onc factory to another from some 100 to 150
kWh/ton of cement produced, depending on the general condition of the
facilities, the plant layout, the condition and efficiency of the
machinery, the type of process and operations applied and, in general,
a rational programming of the machines that will allow them to work
at full load and avoid part loads. Finally, the energy cost depends
on an adequate design of the system so as to allow cfficient cnergy
conversicn in the variable-speed machines and the improvement of the

power factor, among other aspects.

(1) " Manual Technolégico del Cemento " by Walter H. Duda, published
by Editores Técnicos Asociados, S.A., Barcelona 1977.
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The location of cement plants currently hinges upon the location
of the limestone quarry, which supplies the main raw material. All
the other minerals and fuels must be transported to that site, along
with the machinery, parts and replacement parts, and personnel. And
from that site, the finished product must be transported to the centers
of consumption. All of this transportation, together with the move-
ment of mining machinery and vehicles, requires considerable consump-

tion of automotive fucl.

The Situation of Latin America

The existence of huge reserves of petroleum, natural gas and coal,
as well as the great hydroclectric potential of most Latin American
countries, on the one hand, and the high cost of technological inno-
vations, on the other hand, make it necessary for these countries and
their business to consider the question of rational energy use and
energy conservation within a context and parvameters that are different

from those faced by the highly developed countrics.

As in many other scctors of industry and economy, the cement indus-
try has several international conglomerates which produce on almost
cvery continent and the economic, technological, and productive scale
of which is greater than that of the sum total of all the companies
in many Latin American countries, where they are also implanted
through subsidiaries or partnerships. These transnationals command
a high degree of technology and quite a broad field of research and
experimentation, the results of which they cither pass along to their
respective branches or offer for sale on the techrological market,

including the information regarding energy savings.
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Technology in this field can also be transferred through the purchase of equip-
ment, processes, or whole factories, normally at high prices, which are more dif-
ficult to arford under financial and cement market circumstances like the present-

day ones: highly complex and uncertain.

Within this context, and corresponding to worldwide intercst in the preserva-
tion and better usc of energy resources, and as the above-mentioned diverse events
and cfforts express, the Latin American countries, their regional, state, sectorial
and managerial agencies, are carrying out varying degrees of work aimed at this uni-

versal objective.

OLADE designed a ten-point program for Latin America at a Work Group meeting in
Quito in 1981, including: energy balances; the analysis of legislation in this
arca; fiscal and financial incentive policies; mixed-cement production analyses;
changes in processes; substitution of fuels; rationalization of equipment and pro-
cesses; transport of raw materials and products; technology development, transfer,

and diffusion; integration of efforts (2).

In this mecting, a partial diagnosis was made of the energy consumption situa-
tion in the cement industry, as compared with the situation in some industrialized
countries. Although this was not the result of a well-prepared study, it did clear-
ly show that, in general terms, latin American consumption is higher than that of
industrialized countries, and that the differences from one country to another are
very large, as could be secn in the figures from the countries represented at that
Work Group, i.e., Brazil, Coiombia, Chile, Ecuador, and Venezuela.

(2) '"Program for Rational Energy Use and Energy Conservation in the Cement In-
dustry in Latin America," OLADE Work Group GT/T/170-4/1X/81.
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It was also intercsting to notc that the cnergy figures for the factories in
the "HOLDERBANK' organization, located on practically cvery continent, arc higher

than the average for most Latin American countries.

In consideration of the importance of the exact diagnosis, the recommendation
was made to prepare a survey of all the manufacturers in the region, as a prelimi-

nary step towards the already prepared ten-point program.

It is also known that government policies in this arca are very different. In
the arca of handling of reserves, however, most countrics have established very
clearnorms and, in coordination with industry, quite concrete programs to find
substitutes for fuel oil as an industrial fuel -in most cases coal or natural gas.
And Brasil presented interesting examples of testing and application of the usc of

non-conventional fuels such as tires and by products of the chemical industry.

Perhaps one of the most clearly defined aspects has to do with the kind of pro-
cess used preferentially by cach country. It is evident and widely known that the
dry process has a lower cnergy consumption than the wet process. The latter, re-
lying on outdated technology prevails in Latin American countries. A change would
contribute savings in cnergy consumption. However, such a change requires large
investments that would greatly affect the particular features of national cement
markets, because they always provide large additional installed production capaci-
ty, greater than the existing capacities. Therefore, in most Latin American coun-
tries, asolcly private ceffort is unable to undertake such large-scale programs. Of-
ficial backing is neceded through credit programs, tax breaks, and other traditional

measures.

With regard to the industrialized countries, possessors of high-level technolo-
gy and improved means for the advancement of both basic and applied rescarch, it
1s necessary to present the need for a better-defined policy on technological and
financiai collabhoration and assistance, since every cffort made by any country, or
by the latin American region, to cconomize on cnergy consumption is a very large

contribution to augmenting worldwide reserves.
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The Situation in Colombia

In the case of Colombia, at the national level, the "Energy Research in the
Cement Industry', done within the national cnergy study that the National Plan-
ning Department carried out with coopcration from a German-Swiss technical mis-
sion in 1981, is quitc important. The report by expert Mr. Peter Kalas (3) pre-
sents a scries of figures regarding the size of the industry, its production,

and its cnergy consumption.

The 41 furnaces installed in 15 plants could produce approximately 4 million
tons of clinker per year, which could be turned into § million tons of cement;
31.5% of the nation's encrgy Cconsumption pertains to industrial usc, within which
the cement sector demands 18.79% of the fuels and 9.8% of the clectricity, "which
means that the cement-producing sector is responsible for almost 6% of the energy

consumption in Colombia',

Furthermore, the report concludes that the specific energy consumption is ap-
proximately 35% higher than the average consumption the world over (6.7 MI/Kg.
versus 4.95 MJ/Kg. of cement). This situation tends to improve with the inaugu-
ration of the new plants of Paz del Rfo and Samper Cement, whose specific consump-

tions meet international standards.

Regarding the type of fuels consumed, an important change can be seen with
fuel o0il consumption, in terms of cement production, reduced from 33% in 1970 to
105 in 1976, by replacing it with coal. In this aspect, the effort and contribu-
tion of cement companies is significant. Most of them have cxploration programs,
with concessions granted by the government; and in some cases, they do their own
mining. For example, Cementos del Caribe (Garibbean Cement) organized a company
devoted to the different phases of the cconomic exploitation of coal and has
planned exportation of coal; and Samper Cement has gone even further by completing

(3) National Energy Study "Investigaciones Energéticas en la Industria del
Cemento ," National Planning Department. Bogota, August 1981.



the cycle with a coal-washing plant having a capacity of 120 ton/hr., with
which a cleaner, more ash-free coal can be supplied, to make the furnaces
work more stably and with less thermal strain. Besides the contribution to
environmental control, this project can produce significant savings in auto-
motive fucl consumption, both in the cement sector and in other industries.

Within the energy substitution program, fuel oil consumption has tended
to be confined to just onc plant, located far from the coal- or gas-producing
arcas, and to auxiliary consumption in different factories (preheating processes
when firing up the furnaces, emergency clectric generators, and others). As
for natural gas, it will be substituted for coal insofar as factors such as

plant location,or difficulty in its usc for other applications, may permit.

This substitution process has been encouraged by the lower price of coal

in comparison with that of fucl oil, $52/G Joule versus $480/G Joule, which re-
presents a price ninc times lower. This situation greatly compensates for the
effort of the cement companies, as the investment is considerable, and the dif-
ficulties of technological adaptation are of such a magnitude that they have
considerably affected the participation of many firms on the market. This sub-
stitution has only one negative aspect from the energy standpoint, which is

the greater consumption of automotive fuel in the transport of coal; however,
the resulting cost is much less than the savings in the industrial process in

any case.

The study's recommendations stress the cfficient energy savings provided by
the utilization of the dry process instead of the wet process and, therefore,
the need to encourage the establishment of future plantswith this technology.
The study also refers to the need to lend tax and credit stimuli to any encrgy-
saving technological effort, for these always call for sizeable investments. Fi-
nally, the study recommends that the use of coal as a fuel for furnaces be conti-

nued.
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It is important to mention the words of Mr. Kalas in the closing sentences
of the report's introduction, in which he underlines the high degree of interest
and the qualified collaboration that he reccived in the development of his work
from government agencies, from the Institute of Cement Producers, and from the

industrialists themselves, which reflects a lively interest in the topic.

In general terms, the thermal energy consumption of the Colombian cement in-
dustry is high. The consumption of electricity is relatively low. The Institute
of Cement Producers has even reported that the energy consumption in 1981 was
104 kWh/ton produced, though it must be clarified that 10% of the production was
made up of clinker that was not ground to cement.

The above-mentioned report by National Planning presents the following figures
for the energy balance in Colombia.

Participation in the total energy consumption of each of the basic phases in
cement production:

a. Preparation of raw material 3.8%
b. Production of clinker 93.4%
€. Production of cement 2.8%

Regarding the form of energy used, the participation is:

a. Thermal energy (process fuel) 92.0%
b. Electricity 7.0%
€. Automotive fuel 1.0%

Although it is amply demonstrated that the highest figures correspond to the
process of baking in the furnace, in the form of thermal energy, the potential
for energy conservation is also interesting in all stages and forms of use,
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The private efforts in the different firms, to reduce energy consumption,
are of different types. As in cvery region of the world, in Latin America, and
in Colombia in particular, cement producers orient their actions in this field

according to sound 'businecss' strategy and in terms of daily production.

Examples of Iinergy Rationalization

Thinking in terms of the two basic goals of rationalization in energy use,
i.c., preservation of reserves and decrease in specific consumption, allows me
to analyze the different possibilities and measures applied or still applicable,

using the case of Samper Cement as a model.

The company began to produce at the turn of the century. In downtown Bogota,
limestone was processed in a vertical furnace. The limestone was taken there from
the nunicipality of La Calera, Bogota's neighbor to the east, which is today con-
nected with the capital by a 20-kilometer highway, built by the company at the end

of the fortics.

In the twenties, the first expansion was undertaken comprising the installation
of a horizontal revolving furnace, grinders, and other equipment in La Calera, and
a hydroclectric plant at the site calied Sueva, some 30 kms northeast of the fac-
tory. Cement has been transported ecver since along an airborne cahle to the city of
Bogota; it had initially been used to carry limestone. The recession of the twenties
caught the company in the middle of important work on the furnace, turbines and trans

formers.

New enlargements were made in 1948 and 1967; and in 1953, a new quarry was first
exploited, located 15 kms. cast of the factory, and connected by a 26-km. road that
served as the entrance to the Chingaza project, the most important project for the
Bogota Aqueduct of this century. The limestone from this quarry is transported
along an airbornecable 15 kms. long, which takes advantage of the topography of the
land (it descends from 3,600 meters above sca level to 2,700), making its electrici-

ty consumption approximately 0,75 kWh/ton of limestone carried. Applied to the 26
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kms. of road, this is the cquivalent of approximately 30 watts per ton per kilo-
meter.  The autoumotive fuel consumption for the same circuit is approximately
0.017 gallons per ton per kilometer. Thus, the total savings for one year is

approximately 250,000 gallons of fucl.

Por the transportation of most of the cement by cable to Bogota, where the
topography of the terrain is not so favorable, the corresponding figures are
1.40 kiWh/ton of cement, 56 watts/ton; 0.014 gal/km-ton, and approximately 125,000
gallons of fuel savings yearly. This cable also transports coal and nther materi-
als from Bogota to the factory. With the opening  of new highways, the cconomy of
this compensatory transport by cable is not so important as in the past but the

savings may total on the order of 25,000 gallons per year,

Unfortunately, the high costs of investment and maintenance, as opposed to the
present possibility of opening better, shorter, and better-designed highways, and
using more cfficient vchicles, have made it cconomically less attractive for Colom-

bian industry to install this means of transport,

This has been the case in the recent spurt of cxpansion for Samper Cement, be-
gun in April 1982. ‘This project, costing over US$ 100 million, for a capacity of
500,000 tons of clinker per vear, is located in the same township of La Calera, 8
Kilometers southeast of the original plant and connected to Bogota by 38 kms. of
highway, of which 15 arc the old road to Bogota; 15 the old access road, improved
by the company; and 8, new accesses built by the fim. The high cost of the pro-
ject can largely be attributed to the costs of, and delays in, the work on the in-
frastructure, requiring a long, thorny negotiation process for the purchase of both

the quarry and plant sites and the enlargement and road-building zones.

From the cnergy perpsective, this expansion displays the following characteris-

tics with relation to its rational usc:
- Introduction of the dry process, with two-stage prcheating, which represents

approximately 750 Kcal/kg of clinker in fucl savings, as compared with the
old plant, which worked by the wet process.
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Installation of a clinkerization furnace at the end of the quarry, with a
grinding and dispatching plant at an intermediate point, 21 kms. from the
furnace and 17 kms. from Bogota. With this location, the total kilometer-
tons moved per ton of cement produced is approximately 158. If the entire
project had been established next to the quarry,this figure would have
been 173. And if both the furnace and the grinder had been located at

the midpoint, the figure would be approximately 180. The theoietical re-
ductions in fuel consumption by this arrangement arc on the order of

75,000 and 110,000 gallons/ycar for the installed capacity.

Installation of & roll crusher to grind the raw matecrials before baking,
which represents a theoretical energy consumption 20 to 30% lower than

that necessary for the same work with a ball mill (4).

Installation of insulating refractory brick along 79 meters of the arca
of transition from the furnace, which represents an encrgy savings that
could be as high as 13 Kcal/kg of clinker, represented by heat not radiated
away into the atmosphere from the outer surface of the revolving furnace,

according to gencral theoretical estimations (4) (5). This figure has not

yet been confirmed.

(4)

(5)

"Possible Energy Savings in the Cement Industry' by Richard J. Grzelack
C.E. Raymond. Aplicaciones Técnicas Industriales, S.A. - Revista Cemento

Hormigén.

"Fuel Savings Potential in Revolving Furnaces in the Cement Industry by
Means of the Use of Refractory Insulation," by Alfonso Uribe Melguizo,

Representative of CGR-Stein Retractories, Limited. - Bolet{n Instituto Co-
lombianc de Productores de¢ Cemento (ICPC) No. 39-40.
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- Installation of efficient electrostatic filters to retain and recycle
dust from the furnace. Although this effect does not have as much im-
pact in the dry process as in the wet process, since most of the dust
in the dry procedure is recycled with the raw materials, the ecfficien-
cy of the filter, aside from reducing air pollution, produces a savings
in fuel consumption. One of the articles footnoted below, (6) affirms
that "10% of the total dust loss would cost 100 Kcal/kg in fuel consump-

tion."

- Outfitting of the plants with modern, automatic process-monitoring sys-
tems and instruments permitting optimization of the handling of the
different variables that affoct enerygy (both heat and electricity) con-
sumption. This characteristic is also very important for the development

and control of future measures taken to decrease energy consumption.

- Advantages offered by the vertical roll crusher, as well as the adequate
design of all the rotor systems and the monitoring of their work, will
make it possible to attain a specific consumption of some 106 kWh per

ton of cement, in camparison with the 135 kith consumed in the old plant.

The general balance presented is similar for the Paz Jel Rio cement
plant, inaugurated at the close of 1981, where the dry process is used,
with four-stage preheating, and capacity of 500,000 tons/year. The planned
Rio Claro factory will also be similar, producing 600,000 tons/year for the
Colombian market by about 1986. This will mean a total of 1,700,000
tons/year more by that time, requiring approximately 200,000 tons/year of
coal. TIn terms of clectric power, these 3 projects will allew a reduction

in consumption on the order of 51 million kWh/year.

The plants that use the wet process are also working with a large

variety of measurcs to reduce energy consumption: decreases in the water

(6) "Energy Savings Potential in Cement Operations' by D. Davis, J.A.
Stringer. Blue Circle Group; ICPC. First Colombian Meetings on
Cement .

= 449 -



content of the paste entering the furnace; improvements in the design of
the production line, to optimize the heat exchange between combustion gases
and the raw paste and to decrease the amcunt of dust issued into the atmos-
sphere; use of additives for grinding; improvements in all the grinding and
clinkerization facilities; and installation of adequate monitoring systeams

and instruments.

6. ADDITIVES TOR CIMENT

One of the most hotly-debated and controversial means of decreasing
eitergy consumpticn in the cement industry i3 through the use of additives,
meaning principally materials obtained {rom Nature and added to the cement

during grinding, alonp with the clinker and gypsum.

The theoretical calculutions for the Sumper Cement plant make it possible

to estimate savings as | kWh/ton and 17,000 Kcal/ton for cach 1% of additives.

This topic was addressed in all its aspects, with extraordinary complete-
ness, by professor Jose Calleja,Deputy Director of the TETCC in Madrid, at
the Sccond General Meeting of the Latin American Group of Cement and Concrete

Institutions (7).

The production of gray cement in Colombia has always been based on the
manufacture of a clinker that is very good, normally surpassing the speci-
fications for the clinker requived for the manufacture of Portland cement
type 1, intended as multi-puipose cement and sold indistinctly for appli-
cations with the most varied technical requirements. Thus, no differenti-
ation is made among the times vequirved for the stripping of forms, or the
variation in strengths depending on the time, especially when dealing with
those applications where these two aspects are not fundamental, as in

paving or plastering of interior and exterior walk .

(7) " Considerations on ficonomy of Fuel and of Other Petroleum
Derivatives in the Manufuacture and Usc of Cements ', Prof.
Dr. Jose Callieja.
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The introduction of additives retards the development of resistance and
prolongs the time delay before stripping off the forms. This variation
means a greater proportion of cement in the concrete mixture, or a longer
time in the development of the different tasks. This last variable, time,
said professor Calleja, would be a reasonable price to pay for savings in

cnergy.

Before the inauguration of the new Samper and Paz del Rio plants, bet-
ween 1977 and 1981, the Colombian market was a scller's market. This
situation encouraged the scarch for additives for cement. In different

regions of the country pozzolanic materials were found.,

These constitute active additives, which contribute to the development of
resistance in cement, once activated as a consequence of the hydration of
the cement's clinker. Some very important testing was also carried out
with blast furnace slag, which arc also active additives, and earlier-acting
than the pozzolanic materials. These experiments are important for the

immediate futurc of the cement and construction industry.

The addition of high percentages (25-30%) of pozzolanic materials pro-
duces, in effect, pozzolanic cements for specific appl.cations, such as
those that require special chemical resistance. The construction of the
Paz del Rio plant originated because of the existence of a great quantity
of slag in the steclworks, which would permit future conversion of this
by-product into an important product, thereby using industrial energy
consumption that would otherwise be totally wasted. Similarly, fly ash,

a by-product of various industries, including electricity generation by
heat engines, could be used, to allow for morec complete utilization of

coal.
Although it is very difficult to know exactly to what extent additives

are being applied in the different factories, it may be assumed that over

two million tons of additional cement have reached the Colombian market
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in the last few years in this way, which could have represented ai energy
savings of some 30 million kWh and some 80,000 tons of 60C0 Kcal/kg coal.

When the market changed in 1982, due to the increase in the cement
supply from newly-operating plants, most factories reduced their additives,
in the search for a more competitive level with regard to the devclopment
of strengths and form-stripping time. The portion of the market that will
not really benefit from these cement features, approximately 309, will

consune an additional amount of energy unnecessarily.

This situation shows the need, amply justified from the energy stand-
point, for attempting to diversify cements according to their fields of
application. Testing by Samper Cement and other factories has taken this
tack, working towards the production of type 11 Portland cements with high
initial resistance. llowever, slow-resistance-development products must

cleariy be promoted on the market for specific applications.

The way to attain this objective is preferentially through the control
of the percentages of additives. Based on chemical variations in clinker
and its components (8), which allow lower working furnace temperatures
and the consumption of less cnergy, the other way is difficult to implement,
due to its cost and technological requirements, for a market the size of

Colombia's. Most Latin American countries have the same situation.

7. THE NEED FOR INCENTIVES

As in coal mining, in which the cement industry is somewhat self-
sufficient, several cement companies have their own hydroelectric or thermo-
electric generating plants. The electricity balance for the cement sector
in 1981 is as follows (9):

Bought : 399,338 Mwh
Generated 124,973 Mwh
Sold : 41,370 Mwh
Consumed 428,947 MWh
(8) " Investigacions on energy-saving cements". P.K. Metha. World

Cement Technology, May 1980
(9) Data Furnished by the Coiombian Institute of Cement Producers
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RATLONNL. UEZ 07 FMERGY IN THE CEENT INDUSTRY

by B. Wilson, M.Sc., ALRA.C.I., AM.Aus. I.M.M.,
Former Research Manaager
Goliath Portlend Cement Company Limited,
Railton,
Tasmania,
Australia.

SECTION 1 - THE AUSTRALIAN CEMENT SCENE

1, Australia may scem a remote part of the world to most of the delegates
at this conference, and it may come as a surprise to learn something of its size.
If a map of Europe were superimposed on the map of Australia it would be found
that from east to west, the map of Australia would encompass the distance from
Ankara in Turkey to Lisbon in Portugal, and from north to south, it would reach
further than from 0slo to Athens! And yet within that vast continent dwell only
about 14 000 000 people - both Shanghai and Tokyo/Yokohama have nearly that pop-

ulation in a city!

The reason for this small population is found in the character of the
continent. In the centre are vast arcas of hot and almost uninnabited desert,
and the main population is located round the fertile edge of the continent, over

half of it being concentrated in about six major cities.

Consequent on this, the sixteen cement making plants are also largely
lTocated round the edge of the continent and as close to the major cities as the
availability of raw materials will allow. The major centres of population are
800 km or more apart, and so the supply of cement in each area is largely re-
stricted to the local factories, with the notable exception of my own Company
which operates its own specialised bulk cement ship and transports cement into
its own two terminals located in the cities of Melbourne and Sydney from its

plant on the southern island of Tasmania.

Due to this need to supply a number of discrete and localised markets,
the development of the cement industry has been patchy. In some areas, notably
Western Australia, the industry boomed a few years ago with a mining boom, and

now that this has slowed down, Western Australia has excess cement capacity.
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The present economic climate in Australia is, like riost of the world,
very depressed, and consequently the Australicn cement industry with a capacity

of about 8 000 QD tonncs per year has about 30% of idle capacity at present.

In a w1l developed country the cement consumption can be expected to
be about 350 to 450 kg per person per year, and so the industry is reasonably
well cquipped to meet the demand when the recession ends, although some of the
plant is old and of the wet process type which is expensive to operate, and some
of the plant capacity may be in the wrong geographic Tocation to supply a rising

market.

Australian is a country rich in mineral resources - iron ore, bauxite,
coal, copper, zinc, gold, silver, lead, uranium, tungsten and many others, and
rich in primary industries - cattle, sheep, wheat, etc. 1 can feel confident
that in the coming revival of the world eccnomy our country has a very bright
future, and with the growth of commercial activity the cement industry will
certainly grow, and grow economically because of our large reserves of indigenous

fuel.

Our plant commissioned major extensions two years ago, and a new plant
opened in Queensiand last year. My Company has further expansion plans drawn up,

and we will proceed with these when the ecconomic climate improves.

2. In Australia cement is made from a great variety of materials, ranging
from coral and calcareous sands dredged from the sea, hard limestones that must
be drilled and blasted, through to limestones soft enough to break out with rippers,

and scrapers.

Raw materials are quarried on the plant site in several cases, but in
others they are transported to the plants by ship, aerial ropeway, road, rail,
overland belt, and even in one plant by wet raw milling at the quarry site and
transporting the slurry over 15 km through a pipeline, to be filtered and fed to

a suspension preheater.

There is even more diversity in plant types, ranging from the old type



of wet process, semi-wet, (Lepol type), dry (suspension preheater type), vertical
kiln, and precalcining suspension preheater.  Fuels used are mainly natural gas

and coal.

3. Let we now address myself Lo the changing pattern of fuel use in the
cement industry in Australia. When I first entered the industry 30 years ago the
norm was a wet process kiln or kilns, fired with coal. The only exception to this
was one small dry process simple kiln which used waste heat for power generation
and one small vertical kiln operation. Coal was the universal fuel, and about
one third of the plants owned and operated small coal mines near to their cement
making sites.

In the eariy 1960's Australia was importing increasing quantities of
Middle East crude oil and refining it, and there was an eimbarrassing glut of
heavy residual oil. Conscquently the o0il companies made very attractive offers
to industries which could use such fuel, and many of the cement companies includ-
ing my own, changed from coal to heavy 0i1 fuel. The exceptions, as you might
expect, were those who owned and operated their own coal mines. In fact, these

plants have continued to use coal and are still doing so.

In the middle of 1960's the modern fuel efficient kilns began to appear
in Australia. First a small suspension preheater, then a Lepol grate kiln, then
two plants built larger suspension preheater kilns (ours in 1966), and progress-
ively over the intervening years kilns of this type have been installed, until

now nearly half the productive capacity in Australia is of the dry process type.

The next stage of the fuel story occurred progressively in the later
1960's and early 1970's when large fields of natural gas were found in Australia.
Unfortunately, being a large country, the gas ficlds were all in remote areas, in-
volving long pipelines to get the gas to the cities, and so certain industries,
including some cement plants, were offered very attractive gas prices to provide
a basic market to make costly pipe lines viable. Several cement plants accepted
gas as their fuel and are still using it. My Company was not able to get gas

supplies in our area, and our fuel remained oil. Then in about 1973-74 the
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escalation of oi! prices began, and we made the decision to go back to coal fuel.
We built a coal plant in 1975 and commissioned it in 1976 in time to avoid most
of the impact of oil price cscalation.

Subsequently we have converted the plant jinto a precalcining plant with
the addition of ¢ sccond preheater and in 1979 we purchased a coal mine to assure

our fuel supplies.

4, The trend to energy efficiency in the cement industry is now world wide.
The industry consumes large quantities of energy both as primary fuel and as elec-
trical ecnergy. Energy efficiency was being considered by the more progressive
companies in the 1950's and 1960's when many new installations of the encrgy effic-
ient preheater kilns were being made, but installations of wet process kilns (using
1.5 to 2 times as much fuel per tonne of product) were still being commissioned.

The energy crisis of the middle 1970's changed the situation dramatically and the
installation of wet process kilns practically ceased, and gave way to various types

of fuel efficient dry process plants.

Other areas of energy saving have been pursued with less spectacular but
useful results, such as more efficient electric motors, and improved electrostatic
precipitators, which also save energy by reclaiming partly processed materials which
would have been lost as dust. Larger kilns have been built as these are more effic-
ient both in minimising radiation losses and incidentally in saving manpower, and
most recently precalcining kilns have been introduced which contribute to efficiency
in various ways, wihich I will discuss later in this paper. Perhaps the least succes
ful area in energy efficiency is in milling of raw materials and finished cement.
Certainly the vertical roller mill uses less energy than a ball mill but tends to
have a high maintenance cost, and is unsuitable for some abrasive raw materials.
Tandem mills wiich consist of a hammer mill in series with a ball mill have distinct

energy advantages, which will also be mentioned later in this paper.

..L|56..



SECTIfN 2 = A CARE STUDY 1N FULL COMTRSTON AT UPORADING OF A CEMENT pLAnT

I would now 1ike to enter into a cac.: study of the progressive uparading
of my Company's plant wirich has, I think, been an excellent example of progiessive
plant developient. in both encrgy and efficiency.

As T meationed earlier, we originally had two small wet process kilns
fired with coal, and subscquently with 0il. These were phased out over 10 years
ago, and eventually dismantled.

I will discuss the upgrading of our plant in three stages, describing

each stage of upgrading and its consequences separately to show how they affected

our plant . that time.

Some advantages which appeared at the coal conversion, for example,

are less jmportant now after two subsequent upgradings.

Part 1: Conversion from 0i1 to Coal Firing

I will describe our coal installation in some detail. Australia has
vast deposits of coal of varying grades, ranging from excellent black coals of
very low ash content, to poorer grades of 25-30% ash, and also very large deposits
of brown coal (lignite). Our small island of Tasmania has considerable coal de-

posits of a medium grade (20 to 257 ash).

Tasmanian coal is a black coal which occurs in fairly shallow seams
making working something of a problem. It is a non caking humic coal with abaut
23 to 24% volatiles and 45 to 559 fixed carbon and about 20 to 25% ash. Ii con-
tains about %% of sulphur and has nett calorific value of about 24 000 Joules/gram

(or 5 700 calories/gram).

The main problem from a technical point of view in conversion to coal
burning was that the Humboldt kiln with the Claudius Peters batch homogenising
systen is not amenable to changes in coal quality, because there is quite a large
amount (usually 1 to 1% days supply) of kiln feed material prepared and stored in
silos in such a way that its analysis cannot be adjusted. This is unlike our old

wet process, where we could change the material fed into the Kiln fairly readily.
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This means that tae first essential of a suitable supply of fuel is consistency.
Y

As we had bought coal many years ago from a number of companies, and
suffercd with consideral:le variations in qualiiy, mainly due to cxtraneous matter
appearing in the coal, we approached the one remaining coal company in Tasmania,
with a proposiiien that we vould be potential customers for sizable quantities of
coal (somcthing like 50 to 60 thousand tonnes a year initially and possibly more
at a later date) if thoy could guarantee us a supply consistent in ash content.
This they vicre able to do, since they have a coal washery on their lease and they
have access to several different mines. By blending coal from different mines
with washed coail they undertook to give us an ash content of 23% + 1% controlling

their quality with a small laboratory at the washery.

The coal is shipped 150 km from the mine once a day, five days a week,
in aluminium wagons designed by the local railways department which are very
efficient coal carrying wagons, with an excellent pay load to tare ratio, being
50 tonne capacity wagons with only about a 13 tonne tare. These arrive at our
Works in the cvening, where they bottom dump into a pit. A vibrator feeds the
coal on to a belt, over a weigher, and through an automatic sampler which is,
controlled by the weigher, so without any manpomvar of curs, the coal is unloaded
and stockpiled in a doutle stockpile around two steel rill towers which gives us
the capacity to store a large amount of coal. About 5 0060 tonnes is cur normal
live storage, which is two to three weeks supply, but we can easily store up to

14 000 tomies. Even more can be stored by bulldozing out and reclaiming later.

The coal plant that we chose for preparing the coal is a Fuller plant
based on a Loesche vertical roller mill (LM 14) using hot air from the Claudius
Peters cooler for drying. The coal is stockpiled in the open because it has the
characteristic of not absorbing excessive moisture. At about 12 to 13% moisture
it is saturated, and the amount of waste heat we have available to us will easily

cope with this quantity of water in the coal.

The coal is extracted from the stockpile via an underground reclaim

belt with a numher of points of entry which is linked automatically to a one

hundred and fifty tonne raw coal storage bin. This bin has a nuclear level
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device in it, and whan the level gets down to a set point, the reclaim belt is
actuated and the bin is automatically filled to a preset level. Coal is
extracted from this bin with a vibrator, on to a belt weigher which is controll-
able by the kiln operator, and passes through a triple gate feeder into the hot
air swept Loesche mill, which is capable of grinding coal up to approximately 14

tonnes an hour of wet coal.

The coal mi]i is swept by a hot air supply which comes from a triple
air devic: connected to the grate cooler. Most of the drying air comes from the
stack of the arate cooler which normally runs at about 220 to 230°C and provides
sufficient hot air to do most of the drying, but to supplement this we have intro-
duced a duct into the side of the cooler over the second chamber from which we can
take air at around about 500°C through a de-dusting cyclone and use this to increase
the temperature of drying air if needed. At the same time, there is a third air
inlet which supplies cold ambient air to reduce the temperature of the air sveep.
The blending of these three supplies of air is entirely automatic and is governed
by the exit tempcature of the Loesche mill. A controller is set to keep this
temperature at 80°C and it does this as the coal quantity and moisture content
varies, by varying the ratio of the Lhree sources of air. The inlet temperature

of the mill must not exceed 4OOOC.

The coal having been ground, dried and swept out of the Loesche mill,
passes up to a cyclone which drops it into a small pulverised fuel bin of about
15 tonnes capacity which is mounted on Toad cells. The air then sweeps on out
of the de-dusting cyclone still carrying a small amount of very fine coal, and
passes to a junction point where the primary air for firing the kiln is extracted
from this warm air supply (approximately 7OOC) and the excess air passes out through
a five chamber bag filter system which shakes in rotation and a mechanism transports

the collected coal back into the fine coal bin by induced suction.

The coal stored in the fine coal bin is at about 12% residue on 4900
mesh DIN, (or 170 mesh ASTM) and contains about 1% moisture. It is extracted
through a rotary valve on to a weigher feeder on which the required amount of

coal can be set, and fed automatically. Of course there is a small addition of

- 1;59 -



coal carried through with the primary air and ailowance must be made for this,
but it is a very consistent amount to be added on to the amount put in by the
coal fecder,

The coal passes of f the weigher, thrcugh another rotary valve, anc
into the primary air stream. The primary air is about 10% of the total air used

for combustion,

We Tooked at various methods of control of the coal milling system and
contemplated a frairly sophisticated sort of an automatic control, but we have
found in actual fact that is is extremely simple to control. The kiln runs very
steadily. The amount of coal required is consistent and the whole system is
operated by the kiln operator. He simply watches the level of pulverised fuel
in his bin, keeps it a little over half full, and adjusts the feed to the Loesche
mill within certain limits to either slowly raise or slowly lower the level of
coal in the pulverised fuel bin. He would probably only have to vary the raw

coal feed once or twice a shift.

nere are a number of advantages of burning coal in our plant most of
which we anticipated, but some proved to be more advantageous than we expected.
(I stress that I am describing the situation when we coaverted to coal - the

further alterations to the plant are mentioned later in this paper.)

The first and most obvious one is that it is a local product and is not
subject to the vagaries of international supply. We have it available right within
our State. It serves to increase employment in our State, gives employment to our
railways department, it gives us a much more assured supply of fuel, and we are

able to store very much more than we could oil fuel.

In our process, ever since it was installed, the raw mill had been a
bottleneck. Our kiln was installed as a guaranteed 9C0 tonne a day kiln, and the
raw mill was quite capable of supplying the amount of meal needed for this. How-
ever we very quickly found that the kiln was capable of producing more than its
guarantee, and a great deal of work went into improving the capacity of the raw

mill. However, we also incrcased the capacity of the kiln by making certain alter-
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ations to it, and over the years the limiting fector of our production had been
the amount that we could force through the raw rmill.

Fuelling the kiln with coal of 237 asl. produced a number of advantages
in our process. Slarting from the quarry, we neod Jess siliceous material. Qur
raw materials are hard blue Timestone and a fairly wet clay which can be up to 30%
moisture in winter. Since we are adding siliceous material to our mix by virtue
of coal ash, we neced to handle very much less clay through our quarry processing
system, wirich is a double rotor hammer mill. Getting the clay material through
this unit wixed with limestone had alvays been a problem and caused blockages and
a great deal of wear and maintenance because of the abrasive ature of its silic-

eous material. Hence there is a distinct advantage in quarrying and crushin .
g

In raw milling we had always had a problem in the winter with reduced
production duc to tLhe very wet, sticky nature of the clay material that we fod
as part of our raw wmaterial. Milling for coal burning uses less clay as a raw
material because of the siliccous ash addition in the kiln. Thus we found a very
great adventage in that our raw mill ran with much less clay, and Tooking back at
our nroduction records for various years, I vould estimate that over a full year,
through milling less clay, we probably gained about 3 tonnes an hour of output
from the nill because of its much better operation. With the mill bottleneck,

this is equivalent to being able to make 2 tonnes an hour of extra clinker.

As well as this, we were burning sufficient coal to add ? tonnes an
hour of siliceous coal ash into the Kiln, which of course, does not have to be
raw milled at all. Consequently another 2 tonnes an hour of extra production
came from the kiln, renembering again that the raw mil) was the bottleneck. So
altogether ve can say that by burning coal our particular plant produced about
4 tonnes an hour of extra clinker. This equals about 32 000 tonnes of extra

clinker per year, which, at that time, 1epresented a 107 increase in production.

Thus we received value for our investment twice over - once through
burning a cheaper fuel and once through effectively increasing the output of the

plant by about 10%.
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As a sid2 benefit, we were pulting censiderably less sulphur into the
kiln than we were when we burnt fuel oil and we found that the tendency for
accretions to build up in the bottom of our preheater system was greatly reduced.
They were not clirinated, but were greatly reduced compared to the quantities
that we had on ©il burning. So much so in fact, that we were able to operate the
preheater with une man on day shift engiaged in cleaning activities and he was not
fully conmitted to the preheater end could do other things. However, with oil
burning, for many years we had run with a preheater attendant on shift work. In
other words, we were employing four preheater attendants to cover the four shifts.
So we had quite a distinct saving here and this also has the effect of increasing
the kiln capacity, because the limitation usually is on the amount of gas that you
can pull through the system and the accretions in the preheater inhibit the gas
flow.

Another banefit which became evident was a significant improvement in
brick life. e think doubling of brick life was likely, but Tater improvements
were made and we could never be sure which improvement was responsible. There is
not doubt, however, that brick life with coal as a fuel was significantly improved

in our plant.

We anticipated that in burning a lower sulphur fuel we would neced to use
more gypsum in our cement, and in costing for the conversion we allowed for an in-
crease in gypsum, but we were pleasantly surprised to find that the SO3 of our
clinker was much thc same as it was when burning oil. Obviously the extra sulphur
from our fuel oil that was going into the system was being lost, and after conversion
we would appear to be trapping virtually all of our sulphur, giving us a clinker
with much the same 503 as we had before. We had anticipated a sizable increase in
gypsum usage at a considerable cost, but we have found that this is not so, and
that our gypsum usage was much the same as before, so this is another benefit above

our expectations.

The conversion of our Humboldt plant to coal was a very satisfactory
exercise both technically, because we were able to keep exactly the same standards

of quality control that we had always insisted on, due to the good performance of
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our coal supplicr in giving us 3 consistent fuei, and financially in that we
enjoyed o cheaper fuol price than we would have had if we had continued burning

0il and at the save time were ahle to produce nore clinker with the same plant.

The coal installation is a very neat «nd simpie arrangement. The milling
and burning systeu was engineeead by Fuller, ard it is operated without any expend-
iture of man power. There is certainly a little more maintenance on it than there
was on the o1l preparation plant, (possibly onc extra man, including cleaning) but
from the puint of view of operating man power the number of men we have on shift
is reduced.

Part 2: Rew Material Mill Upyrading

In 1977, following the conversion to coal, our plant was running nearly
to capacity, and the holtlencck in the system was the raw material ball mill,
especially in the winter months, when a very wet and cohesive clay must be handled.
Consequently it was decided to upgrade the raw milling section by adding a Humboldt
haimmer mill in serics with the ball mill to make a "tandem mil1". The normal Humboldt
tandem mill integrates the harmer mill with the discharge end of the ball mill, and
utilizes a single classifier and pair of cyclone separators. Owing to limitations
of space, and to our inability to have an extended plant stop, we had to install
the hamuer mill as a separate unit, with its own classifier and cyclone separator.
The raw fead enters the hammer mill and is swept out to che classifier. About 25%
is fine enough to us used as finished raw meal, and the other 75%, which is of an
even size and quite dry, having been rejected Ly the classifier, passes over a
veigher and fceds the ball mill, which runs very steadily on such an ideal feed.
Hence ihe whole miiling plant was upgraded by about 30%, but the increase in con-
sumed horsepower was only aboutl 20%.

Part 3: Kiln Upgrading

Now the kiln was a bottleneck, so in 1979, in close consultation with
Klockner Humboldt Deutz of Cologne, West Germany, the thiprd upgrading was commenced:
A decision was taken to install a second preheater, and a Humboldt Pyroclon precal-
cining system, to be wholly operated on coal fuel. At this time, we believe, no

precalcining p int in the world was using coal as its total fuel.
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In a poriod of 12 menths a sccond preheates was built over the end of
the operating kiln, together with a new electrostatic precipitator and associated
equipment, two conditioning towers and a tertiary air duct. The twin prehcaters
have a common Pyroclon duct that rises up to the level of the No. 2 cyclones and
curves back down to separate into two ducts serving the two preheaters. With a
stop of about 6 werks the final connections were made to the existing plant, and
the cooler was modified from a 3 to a 4 chamber unit with the addition of an extra

cooling fan.

The whole of this new instailation was commissioned in August 1980.

The original preheater supplies all the hot gas for raw milling, and
the gas from the new prehcater is not uscd at present. However, the next planned
stage of the plant developmont will see ancther raw mill in the new preheater gas
stream, and auxiliary cooler, and a {urther upgreding of output. The current output
of the kiln is 2250 tonnes per day, and with the proposed extra milling capacity
it is expected to achieve 3000 tonnes per day.

Apart from the gires 1y increased output, major benefits are extreme
smoothness of operation and a complete absence of rings building up in the iiln,
which were previocusly a continual problem.

Hence, over the years the plant has been upgraded by 250%, and the

eventual output is expected to be 330% of its original guarantced capacity.

The upgrading has been achieved at a very modest cost, and when the
final stage is completed the extra capacity will have been achieved at less than
half the cost per annual tonne of an equivalent new plant. This precalcining

plant is the only one of its tlype in Australia.

SECTION 3 - SOMF POINTS_IN THE COMVERSION TO COAL FUEL

[ would like to comment on the actual conversion of a plant from oil
to coal. Many cement plant operators may be concerned about problenms they see
in handling coal, but I would say that with a well designed and engineered plant,
installed by people experienced in the technology, the problems are minimal, It

is essential that gas flows and the coal to air ratios in the system be correctly
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designed, because at cortain ratios coal and ¢ir can for. an explosive mixtura,
The plant must have suitable explosion vents and fire protection.

Two basic types of nlent are available, those in which coal is milied
and fired directly into the kiln, and these in which coal is milled to a powder,

stored, and then fired to the kiln. Both have sdvantages, but with the modern

high cfficiency kiln, the latter is the usual tvpe.

SECTION 4: _DISCUSSION OF RATIONAL FUEL USAGE IN THE CEMENT INDUSTRY

I have described these successive upgradings to lead up to a discussion
of the way 1 see that the cement industry should move worldwide to maximise the

rational use of encrgy.

Seme plants in the world are still using 011, and some are using gas,
but the price of 0il and the rising price of gas is gradually making these fuels

less atlractive.

Conversion from one fuel to another is normally forced on an industry
by economics. We converted originally from ceal to o1l because heavy black oil
was very cheap, and we converted back te 2001 10 years later because heavy 01l
was becoming so expensive. If we were still burning oil at the nresent price,

our fuel cost would be at least 3 times as great as now.

But there are other good reasons for burning coal in a cement kiln.
0i1 and gas, despite shortages and gluts, are much scarcer resources in the world
than coal. It is essential that these fuels be conserved for mobile equipment and
for the petro-chemical industry and other areas where coal is not a substitute.
Furthermore, high grade coals should not be used in a cement ki]n.if possible, as
they are much move useful for power stations, etc. in that there is relatively

Tittle coal ash for disposal.

The great virtue of a cement kiln is that it can consume high ash coals
with no ash disposal problems which are often an embarrassment in other applications,
since all the ash is blended with the appropriately proportioned raw materials,

sintered in the kiln, and becomes that very usefuyl material, Portland cement.
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As an ciample, one kiln tnat [ know ¢;orating in Australia uses coal
with 30% ash, so that of every 100 tonnes of ceqent it makes over 4 tonnes derives
from coal ash.

Hodern orecalcining systams are particularly interesting because of
their ability to vonsume poorer fuels. In these systems fuel is burned in two
places. In the rotary kiln part, fuel is burned in the traditional way to produce
a high temperature filame, and for this a fairly good grade is essential, although,

I stress that even for this purpose a high ash coal is quite usable.

Approximately half the fucl, however, is burned in a special chamber in
the preheater. Here, the reaction is not really a flame producing reaction, but
simply a release of encrgy at about 900°C which dccomposes the limestone to lime.
Hence a much pogrer grade of fuel is suitable, and with the Humboldt Pyroclon
precalciner which we use, a variety of chcap fuels or even waste products can be
burned. In our case we use the same powdered coal as we do in the kiln, having
modified our coal grinding system to give two weigher outlets. But some plants
using this system in Gerinany have used unground Tump coal, and even discarded motor
tyres dropped whole into the Pyroclen duct as a source of fuel. It secems likely
that most combustible waste matéria]s if available in suitable quantities could be
used in such a system, as long as their non combustible constituents are not detri-

menta’ to cement quality.

Discussion of government policy is not in my field of expertise, but I
must stress the importence of encouragement being given to the cement industry to
use poorer grade coals and other low grade fuels and to convert their operations to
dry process, preferably with precalcining, to make the best use of such fuels.
Something like 900 million tonnes of cement is made in the world anrually, and
making some assumptions of the mix of types of plant (older wet process fuel in-
efficient plants, and modern dry process efficient plants) the amount of fuel oil
nceded if they all burnt oil would be about 110 000 000 tonnes, or if they all
burned 235 ash coal, about 200 000 000 tonnes. If all plants in the world vere of
the modern fuel efficient dry process type I estimate one quarter to one third of
this fuel could be saved.
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Therefore it would scom to me that it is most advantageous for both
the cement industry and the govermment of any country to use indigenous fuel
of types Lhat areuot suitable for most other purposes when they are available,
(and such fucls aro widely spread throughout tho world). Local employment is
stimuloted, and woney is kept in the country and not spent on unnecessary fuel
imports. This may be done by decree, by artificially elevating the price of
high grade fuels, or, more acceptably, by government assistance ¢n spen up

marginal wines and to subsidise transport to stimulate the country's economy.

The question of the problems of developing countries merits special
attention. In developing a fuel efficient cement industry, attention must be
given to the problems of providing caployment, of avoiding the outflow of money
by importing fuel, and of not introducing too complex a technology too quickly.
Most of My paper has concentrated on efficiency in fuel and manpower, but in a
developing country 1 would see the ideal cement plant as one that is modern in
its design and concept but simple to opeiate; one not locked into high technology
where the infrastructure for nighly specialised maintenance is not accessible;
one that is able to use indigenous but lower grade fuels; one that is somewhat
labour intensive, but lends itself to the climination of some labour cost areas
as the economy of the country develops. Coal mining, loading, and unloading,
and bulk cecment handling are all carried on in our organisation in a highly
mechanised manner. I would see that a developing country should have coal mining
done with much hand labour, and coal loaded and unloaded by manual methods also.
The kiln would be a simple four stage preheater kiln as ours was originally, but

designed to burn low grade local coal. Cement would be shipped mainly in bags.

However, tie whole system would be nlanned so that mining, Toading and
unloading could be mechanised when needed. The kiln would be designed for upgrad
ing, automation and possibly computer control when the economy and development of
the country justified it.

I understand that some countries have already actively discouraged the
use of gas in the cement industry by price increases or decree. This may not be

a popular move with the gas users, but for the ultimate fuel resources
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of the worid it seews to me te be a necessary spproacn, although [ would personally
prefer to see encouragement and help to use other fuels as a much better philosophy

than coercion.

SECTION 5 - SUGGESTED INDUSTRY AND GOVERNMENT ACTIONS

What key actions should governments and the cement industry take to

achieve the rational use of energy?

Industry must acquaint government with 1ts unique ability to use local
Tower grade fuel, and ask the government through its mining development authority

to identify and assess fuel resources.

Industry must be prepared to install the appropriate equipment and to

adopt its processes to them, and to retrain its staff and employees.
A factual cost benefit study must be prepared.

Governments must react to industry's initiatives, and be prepared to
encourage the use of local resources. Industry's cost benefit study must be
supplemented by a government study of the benefits accruing to the country by

the stimulation of employment and the saving of foreign exchange.

It may well be that, as a result of these investigations, even if the
industry's study shows the conversion not to be cost effective, it could pay the
government to help the industry to convert to local coal by subsidy, or the payment
of a bonus on each tonne of cement made with local fuel, or by some form of tax

relief, to the overall benefit of the country.

SECTION 6 - CONCLUSION

Financially the conversion to coal can be a rewarding exercise, and if
approached with expert advice, should present no serious problem to any cement
plant operator. The cement industry is in a unique position to contribute to the
rational use of the world's energy resources through its ability efficiently to
use poor grade fuels which are not suitable for most other industries, and, tzking

the long term view of the worid's resources, cement manufacturers should be en-
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couraged by their gavernients to convert their operations to such fuels wherever

possible, and to conserve the higher grade fuels for use in industries where lower

grade fuels cannot be used.
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RATIONAL USE OF FENERGY IN THE SUGAR INDUSTRY: THE CUBAN EXPERIENCE

Dr. Luis 0. Galvez Taupier
Vice-Minister
Cuban Sugar Industry

INTRODUCTION

Solar energy is one of the major energy reserves available for Man,
now on the threshold of the total depletion of fossil fuels, which had
been utilized as the main energy source since he learned to use fire.
However, by nature, it is not constant during the 24 hours of each day;
it varies as a function of climatic conditions, and the ways in which it
is received and transformed into useful forms has limited its use. The
different ways of using solar energy may follow cither of two approaches:
one, which concentrates solar radiation by optical means to rcach high-
enough temperatures and quantities of energy; and onc which takes advan-
tage of the potential of sclar energy to synthesize biomass through the
metabolism of plants which, in turn, are used as fuels, in different ways.
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Today many studiecs are being carried out to show the possibilities of
different energy crops like sorghum, sugar cane, wood, ctc. In this
seminar we are concerned with the possibilities of sugar cane, which,
even though it falls far short of fulfilling our total energy requirements,
may make important contributions to the energy balance of our countries.
The dry matter in sugar cane, when burned, frees 4,000 kcal per kg
(7,200 BTU's per pound). On the basis of maximum agricultural yields,
up to 200 million kcal can be obtained per hectare per year, cquivalent
to about 20 metric tons of oil. However, after analyzing the thermal
efficiency of canesugar processing, including steam generation, we reach
the conclusion that a first step in the utilization of susar camcas an
energy source is to take advantage of the reserves we have in our sugar
factories. To demonstrate the . potential of sugar canc processing is

the aim of this paper.

The energy pattern of most sugar factories shows technical approaches
dating from the beginning of this century. The Corliss engine had been
defined as the best prime mover for cane mills, the main consumer of
mechanical energy in the factory. Other types of steam engines were used
for other purposes such as pumping, driving centrifuges and crystallizers,
and even generating electric power, though for this purpose the use of the

steam turbine became standard practice many years ago.

The design pressure and temperature of steam were those which resulted
adequate for Corliss engines and for other alternacive steam machines,
i.e., with pressure in the range of 8 to 10 kg/cm2 (120 to 150 pounds per
squarc inch), with no overheating. Most of the existing cane sugar
factorics were designed with such thermodynamic steam conditions, allowing
a good balance between requirements of high-pressure steam for prime
movers and low-pressure steam for heating; no fuel was necessary other

than the bagassc obtained from the cane.

During the last quarter of a century, many industries using bagasse
as their main raw material had been established on the basis of the fact
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that the bagasse from *hr boilers of the sugar factory could be substituted
by fossil fucl. However, with the outbreak of the energy crisis in 1973,
the prices of fossil fuels, especially that of fuel oil, have increased
very much, inducing a rise also in the price of bagasse. In order to
tackle this problem, many enterprises started to improve sugar factory
efficiency following more or less the experiences of the beet sugar indus-
try, which never had waste to burn and which, even during the periods of
low fossil fucl prices had to look for thermally-cfficient means of pro-
cessing.  Afterwards, following an analysis aimed at efficient [low sheets,
the specialists on this subject have found that the cane sugar industry
cannot only deliver surplus bagasse, but also that by taking advantage

of co-gencration, it may be capable of delivering important quantities of

clectric power.

At present, outstanding engincering and design groups have a new
concept of cnergy patterns for sugar factories, following new approaches
oriented toward much more efficient solutions. A highly controversial
point which has been raised is that of the pressure and temperature of
live steam, since more cfficient cycles for co-generation require inex-
cusably high values for these parameters. TFurther, during the last 30
years, technological developments in the engineering aspects of the sugar
mill have broadened the horizons for solutions when handling this question
of the high pressure and temperaturc of live stcam. Examples of these
developments arc the use of steam turbines and modern clectric drives in
crushing mills; the use of extraction-condensing turbogenerator sets; and

the development ot high-pressure bagasse boilers.

Generating steam at high pressure and temperature and using efficiently
the process steam makes it possible for the sugar factory, after fulfilling
its ecnergy requirement, to be in a position to deliver up to 25 kg of oil
equivalent per metric ton of cane ground in the form of surplus bagasse
and/or electricity, that is, half as much as that available in the bagasse.
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It also becomes interesting to take into account the wastes of the
crop which in most cases are lost or burned in the field. If somehow
the wastes are brought into the balance, the potential for delivering
energy is multiplied three-fold, since the content of dry wastes is twice
as high as that of the bagasse. All in all, the cancsugar industry in
GEPLACEA countries shows a potential savings of 22 million tons of oil.

ENERGY AND BAGASSE SAVINGS: SOME ALTERNATIVES

As can be inferred from the introduction, the improvements in the
thermal efficiency of a sugar factory may be oriented so as to achieve
surplus bagasse, surplus clectric power, or a combination of the two.
The selection of a concrete schcmc'will be strongly linked to economic
and/or social objectives, such as to the growth of a sugar cane deriva-
tives industry (especially one consuning bagasse) and to national energy

policy.

The main aspects associated with the cnergy patterns of sugar factories
and their improvements have been dealt with in specialized papers, seminars
and conferences on sugar. New patterns have appeared in industrial prac-
tice, showing better cfficiences in terms of cconomy; but duc to the
features in question, no optimal solution cxists. There are various sound
solution alternatives, depending on the objectives sought. We will not
attempt to define the different alternatives; but starting from a special
formulation of the problem, we will show the technical results of a set

of given alternatives, among which the following may be considered extreme:

- maximum surplus bagasse, without surplus electric power

- maximum surplus clectric power, without surplus bagasse.
It must be pointed cut that both of these extreme solutions show high

thermal efficiency; the difference lies in the objectives sought in each

case: in the first one, bagasse as raw material for other industries;
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and in the second one, generation of electric power for the national

or regional grid, or for other special purposes.

Between these two extremes there exist an infinite number of alter-
natives, according to the relative weight given to surplus bagasse or
surplus power. lowever, between these two, there is onc which may be
considered as the third main solution, that is, the generation of clectric
power by increasing the pressure and temperature of live steam up to
technically-cafe figures while using back-pressure turbogenerators sets,
which means that only the quantity or steam required in process will be
generated -- or, in other words, bagasse will not be burned to generate
excess steam, over and above that required in process. Consequently, it
should be condensed and this requires extraction-condensing turbosets
instecad of backpressure sets. This is the so-called co-gencration in its

unadulterated sense.

The industrial results of any onc of these three main alternatives,
or any other which may arisec in that range, arc given by a sect of factors,
among which the most important are: cane varicties, operational stabi~
lity and discipline, and technical conditions of the equipment. For the
purposes of this paper, the above factors may be passed over, assuming
that the three have been solved adequately. Thus, we can concentrate on
the main aspects of thermal efficiency, which control the results of any

solution:

- efficiency of steam generation;
- efficiency in the use of process steam;

- pressure and temperature of live steam.
These three aspects arc inter-rclated, and their relative importance

and suitable levels are given by the main goals required by the energy
pattern of the system and its technical and/or economic adequacy.
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The ways to attain different results in each one of the above-mentioned
aspects are known by industrial engincers and managers aquainted with the
problem of energy in sugar production. The main features of each one are

as follows:

Efficiency of Steam Generation

Boiler efficiency accounts for the biggest energy reserve in tradi-
tional sugar factories. In most of the old factories which still exist,
boilers were supplicd without clements for rccovering sensible heat from
flue gases (such as cconomizers or air heaters showing temperatures on
the order of 300°C (572°F) and even higher), with the consequent losses

involved in such desigms,

The other important clement associated with boiler efficiency is the
type of furnace. Furnaces burning bagasse in a pile, as do the Dutch,
Ward, Martin, ctc., require a large amount of cxcess air over the theore-
tical figure, up to 1009 and more. Furnaces with spreader stokers, intro-
duced 30 years ago, require only a 30% air surplus, thus reducing the
energy lost by heating the excess air from ambient temperature to that of
the stack gases. 01d or new boilers without these gadgets show ~fficiencies

based on the low heating value of bagasse, on the order of 55-65%.

The utilization of cconomizers and/or air pre-heaters, or the recently
introduced bagasse dryer, allows a safe reduction in stack gases (with no
danger of corrosion), down to a minimum of 130°C (266°F). This, plus the
utilization of spreader stoker furnaces makes boiler efficiencies increase
to 85%; this aspect alone means a reduction in bagasse consumption on the

order of 30%.

Efficiency in the Use of Process Steam

0ld factories and, in many cases, new factories show a very low effi-

ciency, investing between 550 and 650 kg of steam per metric ton of cane.
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For many years, beet sugar factories, whose process parameters closely
resemble those of cane sugar factories, have proven in practice (through
more sophisticated schemes for the heating-cvaporation-hoiling system)
that process steam can be reduced to 320 kg per metric ton of beet. Use
of vapor bleeding in evaporators, for heating and boiling; the use of a
high number of effects, five and even six may today nwrove cconomical; and
sometimes the substitution of the throttle valve by other balancing cle-
ments such as vapor-cells or thermocompressors -- these are clements which
permit increased efficiency. This has alrcady been proven in cane sugar
processing, yiclding practical values as low as 370 kg of steam per metric
ton of canc. ‘This reduction in process steam may lead to a reduction in

bagasse consumption on the order of 25%.

Pressure and Temperature of Live Steam

The generation of onc metric ton of steam at high pressure and temper-
ature (85 kg/em? (1 250 Ib/in?) and 400°C (750°F), for example) requires
the same quantity of fucl (bagassc) as the generation of one ton of steam
at 9.5 kg/cm2 (140 1b/in%) and 327°C (620°F). Steam with the above "high"
conditions may generate about 130 kWh, while the ''low'" conditions may
generate only 57 kWh; thus, with the same bagasse burned in the boiler,
the amount of power generated can be more than doubled merely by raising

the pressurc and temperaturc of the stcam.

The above cxample is encugh of an argument of the electric power that

can be obtained by going to high conditions of live steam.

The three aspects described above form the framework through which
the thermal etfliciency of sugar factories may be increased for delivering
surplus bagasse and power. The steps taken toward achicving this goal
may not bc casy to exccute, and may even be of doubtful teasibility in
some cases. ‘The main obstacle in the path of such increases in cfficiency
is the fact that the cane sugar industry recached a platecau in its technical
development more than forty years ago, and the changes that are now neces-

sary are not easily accepted by the industry.
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In order to study the three main alternatives outlined previously,
many flowsheets were prepared, and material and energy balances calcu-
lated with the aid of a computer. With the results, the data for the

different alternatives were graphed, as included herein.

Surplus Bagasse

Due to current fossil fuel prices, the policy of burning such fuels
in a sugar factory, to free bagasse for use as raw material in other
industries, may induce high costs for the end-products in these industries,
which in many cases may become uncconomical. It is casy to show that,
in general, it proves more economical to remodel the sugar factory in
order to get as much surplus bagasse as possible. A bagasse market can
be expected to develop. Today, the transportation of bagasse in bales or
in other compacted forms, such as pellets, cubes, etc., has proven to be

technically and cconomically viable.

The upper half of Figure No. 1 depicts lines showing the surplus bagasse
which may be obtained as a function of process steam in the factory for
different boiler efficiencies. It can be seen that, if we have a situation
where we arc using 53 kg of heating steam per 100 kg of cane (a typical
index in Cuba's old factories) and where boiler efficiency is 58%, no
surplus bagasse is produced; this is the present situation in most Cuban
factories. Now if we increase boiler efficiency up to 78% but we do not
do anything elsec in the steam cycle, the immediate result is that we get
about 27% of surplus bagasse.

In Figure No. 1 we can also see the influence of the efficiency of
exhaust steam used as a heating medium. If we decrease this index from
53%, the usual value for Cuban factories, down to 40%, and if we have
boilers with a 78% efficiency, surplus bagasse increases From 27% to 43%.

As far as reductions in the index of heating steam per cane processed

is concerned, it is necessary to analyze the whole cycle since steam goes
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through the primec movers to the process as the heating medium, and when
coming through the machines, it delivers the total mechanical (electrical)
energy required in the factory. Thus, when improving the efficiency of
steam use in process, it becomes necessary to increase the steam conditions
as generated in the boiler, in order to guarantee satisfaction of mechanical

energy demands in the factory.

The lower half of I'igure No.1 depicts lines showing the dependence of
the temperaturce and pressure of high pressure steam as generated, for
different stcam-heating demands. In this figurc it can be seen that
at the normial index of 53 kg of steam per 100 kg of cane, common in Cuba's
old factories, the pressure required at the entrance of the machines is
on the order of 8.0 kg/cm2 (120 1b/in2) and temperature is closc to that

corresponding to saturation,
Co-gencration

Retween the approaches of maximum surplus bagasse and maximum surplus
clectric power, there is the alternative of co-generation, pure and simple,
that is, generation of electric power at the maximum value possible with
process steam, without burning bagasse to produce additional stcam over
and above that required in process, for this would entuail the usc of
extraction-condensing turbogencrator scts. This goal can be achicved by
increasing the pressure and temperature of live steam to the maximum

allowed by techno-cconomical conditions.

In Figurce No. 2 the computations for four typical conditions of steam
in the world sugar industry have been graphed. The electric power values
shown are those obtained after subtracting the demand of the factory. An

example will aid in understanding this alternative.
With a demand of 400 kg of process steam per metric ton, that is,

heating steam equal to 40% cane, under conditions of 18 kg/cm2 and 343°C,

39% of the total bagasse produced can be obtained as surplus.
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Additionally, 8 kiWh per ton of cane can be obtained as surplus power. If
the live steam conditions arc increased to 58.8 per cm? (850 psig) and
454°C (850°F) with the same process steam demand as before, the surplus
bagassc obtained is on the order ~f 35% of that produced, and power
delivery 29.5 kWh per ton of cane. The additional 21.5 kih per ton of
cane arc produced from an increasc in burned bagasse (about 12 kg or

2.2 kg of oil cquivalent), which means about 106 g per kWh, a value much
lower than the best obtained in oil-based thermoelectric plants (220-240 g
0il per kWh).

Co-gencration is an efficient way of producing electric power and, at
the same time, it permits important quantities of bagasse for use as raw

:naterial in other industries.

In Figure No. 2 many combinations are shown. It can be seen that as
the interest in electric power increases, the efficiency requirements for
the use of process steam will be lower. The large direct influence of
the pressure and temperature of steam on surplus power can also be seen,
with the optimum being determined by investment and operational considera-
tions; and. inversely, there is a low influence of the pressure and tem-

perature of steam on surplus bagasse.

One last worthwhile note is that when moving to the right along the
line from zero surplus bagasse, up to the lines corresponding to different
steam conditions, the points of intersection represent the maximum surplus
electric power that can be delivered without using extraction-condensing

turbogenerators.

Surplus Electric Power

The case of surplus electric power is that in which no surplus bagasse
is obtained. The main question in this case is how to reduce the heating
steam's percentage of cane as much as possible so that what could be ob-
tained as surplus bagasse would be burned to produce excess steam over
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and above that required for heating, stcam which would then expand in

condensing turboscts.,

The calculation of surplus power for four levels of steam conditions
arc shown graphically in Figure No. 3. The lines coming up to the right
show the surplus power generated with process steam and the lines coming

down show the total surplus power generated.

Both tines of cvery steam condition are cut where the heating steam's
percentage of cane is the total that can be generated with the bagasse

produced.

Taking as an cxample the sane case we saw in the co-generation alter-
native, it can be seen that at 58.8 kg/cm2 and 454°C, 29.5 kivh per ton
of cane can be prodiced by co-gencration and 76.5 kivh per ton of cane if
all the bapgasse produced is burned.  The additional power generation from
the 35% surplus bagasse we should get with pure co-generation. It means
thiat these additional 17 kWh per ton of cane are preduced at a rate of
oil equivalent of 440 g per kWh, abeut 60% higher than in modern, effi-

cient oil-based plunts,

The cconomic analysis of this alternative strongly depends on macro-

cconomic criteria, so it is needless to delve any further into airanalysis.

STEPS TAKEN AND THE CURRENT STATUS OF THE ENERGY COOPLERATTON
PROGRAM AbONG GEFLACEA MEMBER COUNTRTES

The Cooperation Program on Energy from Sugar Cane was the result of
a seminar on Rational Usc of Energy, held in Havana in October 1980.
During this cvent, sponsored by GEPLACEA, UNIDO, OLADE and the Cuban
Ministry of Sugar, the need to create a center of applied resecarch was
set forth. This center would study and develop, in an integrated way,

the energy potential of sugar canc.
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In view of the importance of the subjects dealt with during the seminar,
the Secretariat of GEPLACEA decided to carry out a study on the possibili-
ties and outlook for the transformation of cnergy in sugar factories. A
document known as " Sugar Cane as an Lnergy Source ' was prepared by ex-
perts from ICINAZ, Cubaj; ' La Victoria " Sugar Corporation, Panama; and

the Latin American Energy Organization ( OLADE ).

One of the resolutions adopted by the General Asscmbly was to convene
a meeting of high-level experts, for the purpose of analyzing the rossibi-
Iities of implementing a regional program of cnergy cooperation. This
meeting was held in Mexico City during July 23-30, 1981, with the presence
of representativesof Brazil, Costa Rica, Cuba, Fcuador, Guyana, Mexico,
Panama, the Dominican Republic and the following organizations: UNID),
OLADE, TICA, and GEPLACEA.

The {irst meceting of the Commission took place in Havana during January
28-30, 1982, AIl its members attended, except Brazil; and the delegates

discussed the activities to be carried out in cach country.

The Secretariat has made great cfforts to find more dynamic ways to
implement the project. Up to now, however, the only definitions arrived
at, among a number of tasks, refer to the dates for seminars to be organized
on Biogas and Fuel Alcohol. The seminar on Fuel Alcohol will be sponsored
by GEPLACEA, OLADE, ond Brazil's IAA, Tts date has already been sct, and

a program of activities has been prepared.

The cooperation offered by OLADE at all times, in every activity
emanating from the program, descrves special mention. From the first, a
closc relationship has existed between GEPLACEA and OLADE. One tangible
cxample of this cooperation is the financial support received from OLADE,
through the Latin American Energy Cooperation Program ( PLACE ), for the
organization of seminars on Biogas and Fuel Alcohol and for the execution

of the Preject on Rational Use of Energy in the Dominican Republic.
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CONCLUSIONS

In this paper, three major alternative uses of energy reserves from
the sugar industry have been analyzed. These alternatives may be oriented
to the development of cellulosic pulp industries using begasse as raw
material or may contribute to the supply of power to the electric grid.

In both cases tie increase in cflficiency may induce important contributions
to the national cconomy in countries such as Cuba, the Dominican Republic,
and other countries or regions where sugar production per capita is sig-

nificant.

Co-generation shows the most economic wiay of gencrating surplus power
for other uses or for the grid, while delivering important quantities of
surplus bagasse. It may be concdvedis the most cconomic solution when
considering the development of a derivatives industry in a sugar canc
region with a high concentration of sugar mills and a Jong sugar scason.
Power is produced in the most cfficient, lowest-cost way, while bagasse is
supplied for the total requirements of the region. The balance is achieved

through a suituble analysis of the particular casc under study.

The generation of surplus power using extraction-condensing turbines
depends on macroeconomic criteria concerning the relative value given to
bagasse as raw material for industry or as fuel for saving oil. In countrics
such as Mexico and Venezoe fa, which have large veserves of oil at their
disposil , and low Jomestic oil prices, this alternative is not attractive
sinze it does not compete with fuel oil; but in countrics where the usual

present high prices of fuel oil prevail, it proves to be economical.
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The Problem of Energy Savings in Sugar Manufacturing

J.C. Llorente
Programme Director
Ministry of Industry and Energy, Madrid

The Overall Picture

1. GENERAL

Although energy costs represent a mere 7% of the total cost of sugar
manufact ‘ring, this sector as a whole is the fourth largest user of fuel oil
and onc of the lowest in electricity consumption, being approximately 93%
self-supplying.

-

This sector's energy consumption, some 7.5% of total industrial energy

use, averages about 600,0C0 tons of oil equivalent.

Spain currently has the productive capacity to supply its domestic sugar
market, although at times some sugar has been imported. ODuring the 1979-80
season, a total of 882,460 tons of sugar were produced: 862,160 tons from
sugar beets, and 20,300 from sugar cane.

Thirty-three sugar mills operate in cur country, 31 of which process
only sugar beet, whereas two process both sugar beet and cane. Figure 1.0.1.

shows the geographical location of these facilities.

1.1  The Impact of fuel Costs on Sugar Production Costs -

As shown in Fiqure 1.3.2., fuel (with subsidized prices) played a
progressively minor role in total costs until 1972, when with the crisis they
began to climb rapidly to this year's approximate cost of 7.0 pesetas per

kilogram of sugar.
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Flguxe Troduction Flowchart for the Southern facilities
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Figure 1.3.2. also shows that while sugar prices rose, in real terms
they were dropping, although very slightly. 7his tendency is now being
corrected and the prices for the 1982-83 season have regained a stable level.

This justifies an energy-saving policy for the sugar sector.

2. SAVINGS AND INVESTMENTS

2.1 Energy Savings

First of all, it should be pointed out that no electricity savings have
been analysed in these studies; thus, the savings in primary enmergy and
direct consumption coincide with those of thermal enerqgy.

The energy savings statistics, including their frequency distribution,

were as follows:

Firms studied 19

Total savings 16,318.3 toe
Average savings 858.86 toe
Standard deviation 894.53 toe
Highest figure 3,501.8 toe
Lowest figure 83.0 toe

Without taking into account the amortization periods, dealt with in
Section 2.2, when the individual ratios are calculated for actual improvements
made, the investment required to achieve the 16,318.3 toe savings totalled

30¢ million pesetas.
2.2 Improvements
The energy saving improvements made have been grouped as follows:

-  Improvements in boilers;

- Improvements in dryers;
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- Improvements that decrease specific consumption by recovering sugar
from molasses;

- Imprcvements in evaporation chamber s;

- Other improvements,

2.2.1 Improvements in Boilers

This heading also includes all improvements regarding steam-generation
equipment .

Upon verifying the status of this equipment, many boilers were seen to
oe working with a considerable excess of combustion a.r. However, under
present conditiovns the climination of this excess of air could entail the
appearance of unburnt residues. To avoid this, while optimizing comtustion
conditions, 11 of the 19 facilities studiea Fave proposed the replacement of
thelr burners.

“or the change of burners to be fully effective, other concurrent
modificatic..s are foreseen; theze vary a-cording to the facility involyad.
The most commen are:

~  ilmprovement in the requlation and control equipment;
- use of pre-heated air for combust ion;
- revision of boiler piping.

Consequertly, the increased yield is accompanied by increased boiler
Capacity and, above all, greater reliabilify of service - both difficult to
appraise precisely.

Table 2.2 provines data on savings and investments needed to put the
irprovemerts into practice.

None of the firms have put forth the possibility of raising the working

press.re of its boilers, although this is technically possible in several
cases.
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Under the heading "Limits to the Production of Electricity", the
tendency to reduce steam consumpticn while increasing the consumption of
electricity would seem to be recommendable. The fact that no firm has

proposed it may be due tn the presont structure of the electricity market.

This structure discourages the sale of the cnergy surpluses that firms
would have if they applied this improvement. The result is that a significant
quantity of electricity, at the excellent yield of 0.13 kg of fuel oil/kwn, is

not being produced.

Even the increased production that would make plants self-supplying is
not profitable for many, because any problem during harvesting that would
'oblige them ta connect up with the general system would mean that they would
be billed fer minimum rates, which it is naturally preferable to consune.

1§ble 2.2

Improvements by Replacement of Beiler Burners

Investments

Savings (in thousands Amort ization
Facility (toei of Pesetas) (Months) (Seasons)

1 456.9 6,250 24 2
2 240.0 2,500 18 1.5
3 174.9 2,759 27 2.2
4 256.3 3,250 20 1.8
5 208.3 3,250 24 2.4
6 262.1 2,750 18 1.5
7 223.3 3,250 25 2,1
8 358.8 3,000 14 1.2
9 263.0 2,700 17 1.4

10 313.0 7,000 36 3
11 _460.0 5,200 19 1.6
3,216.6 41,9C0 22 1.8

In order to put to use the exhaust gases, which in some cases come uout
at high temperatures, the installation of economizers and combustion air
pre-heaters in the bhoilers has beer proposed as an improvement. Other
companies have proposed the use, in dryers, of hot fumes from the boilers, as
described under neading 2.1.1. Tablz 2.3 gives the data regarding the energy

savings and investments required.
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Table 2.3
Cther Improvements in the Boilers

Investments
Savings {in thousands Amortization

Improvements Firms itoei of Pesetas) (Months) (Seasons)
Economizers 1 340.9 8,000 43 3.6
Economizers 2 66.2 3,650 95 7.9
Pre-~Heaters 3 903.0 14,600 28 2.3
Pre-Heaters 4 90.2 7,300 139 11.5
Pre-Heaters 5 8Cl.8 9,100 19 1.6
Pre-Heaters 6 345.6 6,500 32 z.7

2,546.7 49,150 33 2.7

2.2.2 Improvements in Pulp Dryers

This heading comprises all the improvements that directly or indirectly
lead to enmergy savings in the pulp dryers.

The costliest improvement is replacement of chamber-type dryers by
rotating drum dryers.

In the rotating dry-kilns, the hot gases contact the wet pulp very
quickly and thoroughly. Under these conditions, the initial drying gas
temperature may be quite high, in the order of 800 - 900°C, with no pulp
burning losses. Conseguently, the ratio between the actual combustion air and
the stoichiometric air may be very low (under 3). This favourable ratio may
be improved by using (oxygen-poor) boiler fumes to temper the drying gases,
for in this event the initial temperature could be raised up to loooec.

The gas temperature must be reduced in chamber-type dryers for various
reasons, such as the lower temperature tolerance of tie drums and blades, and
the lesser initial contact of the gases with the cntire body of pulp. This
increases dilution to the point of having n values of 4 or 5. Figure 2.1
shows the influence of n on the theoretical specific consumption as a function
of the MS (% of dry matter) of the pulp. This graph also shows the importance
of replacing vertical pulp presses with horizontal presses, an improvement
dealt with below.
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Given the lengthy amortization period that they entall, these
improvements may be introduced gradually as equipment is renovated or expanded.

To take advantage of hot boiler exhaust gases, four facilities have
proposed the use of these in the dryers as an improvement. These gases take
the place of the ambient dilution air and use their enthalpy to reduce the
dryer's consumption accordingly. Table 2.4 shows the savings and investment
figures as well as these improvements! amortization periods,

The recycling of boiler exhaust to dryers has significant advantages:
- Reduction of the fuel consumption required to obtain the drying gases:

Figure 2.2 shows the quantity of combustion fumes with 15% excess air
that is required to produce 100m3 of drying gases at £00°C as a function
of the dilution fume temperature. This figure also shows the percentage
of fuel required, with 100 as the base used when tempering with 2002
air. As the graph indicates, with 2500C fumes, the consumption in
dryers may be reduced by 20%.

- Decreased air pollution;
- The pulp has the property of capturing the 502 and SO3 from the
combustion gases, thereby producing a beneficial bleaching effect and

preventing sulphur pollution;

- Reduced economizer corrosion, because the gas temperatures remain
relatively high;

- The main stumbling-block in the way of using boiler exbausts in dryers

is that the two facilities may be so far from each other that ducting
costs would be prohibitive and fumes would cool on their way.,
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Table 2.4
Improvements in Dryers

Investments

Type of Savings " (In thousands fmortization
Improvement Ztoe§ of Pesetas) (Months) (Seasons)
Replace chamber-type

by Rotary 1,665.6 59,000 60 5
Replace chamber-type

by Rotary 738.8 29,000 67 5.5
Boiler exhaust to

Dryers 521.9 8,000 26 2.2
Boiler exhaust to

Oryers 585.5 8,000 24 2
Boiler exhaust to

Oryers 616.0 17,750 52 4,1
Boiler exhaust to

Oryers 1,741.0 40,900 44 3.6
Replace Press 392.6 1,500 7 0.5
Replace Press 216.5 1,500 12 1
Replace Press 163.0 1,500 16 1.4
Replace Press 2544 1,500 12 1
Replace Press 192.0 1,500 14 1.2
substitute Presses 1,355.0 26,300 37 3
Regulation of Press

Speed 189.5 600 6 0.5
Drum Insulation 256 800 6 0.5
Drum Insulation 256 800 6 0.5
Drum Insulation 83 1,000 17 1.5
Orum Insulation 61 900 24 2
Control Equipment 182.7 1,233 24 2
Control Equipment 685 4,745 12 2.9

10,155 206,528 35 2.9
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The concentration of dry matter in the pulp leaving the presses greatly
affects the dryeirs' fuel-oil consumption: the higher the dry matter content,
the less water to evaporate. whereas vertical presses yield a 16% dry matter

content, horizontal presses can attain dry matter contents near 24%.

Six of the plants studied propose the replacement of their vertical
presses by horizontal ones. Ir the plants that already have horizontal
presses, the proposal is to overhaul them or requlate their speed to ilncrease

the dry matter content. Table 2.4 shows the savings and investment figures.

Conditions of the sugar beet itself and of the process also affects the
percentage of dry matter in the pulp. A poorly cut beet or diffusion at
excessively high temperatures or with the pH too low, produce a pulp which is
difficult to press and which retains too much water, even when highly
efficient horizontal presses are used. Therefore, in addition to replacing
obsolete presses, the operating conditions must be closely examined in order

to ensure the most favourable results.

New techniques currently being researched must also be considered to
reduce the moisture content of the pulp entering the dryer. One technique of
special interest Is the centrifuging of the pulp, which seems to promise 40%

dry matter.

The remaining improvements related to dryers (Table 2.4) have to do with
the insulation of the drums, since their large surface areas allow
considerable heat losses.

The table on dryer Improvements also includes two improvements in their
instrumentat ion and control.

Although these studies have assigned fuel savings figures, these

improvements are fundamentally aimed at maintaining optimal operating
conditions.
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2.2.3 Improvements that Decrease Specific Consumption by Recovering Sugar from

Molasses

Table 2.5 gives the sugar yleld as a function of the beet's sugar
content, as well as the ratio between the molasses and the sugar produced.

Tahle 2.5
Ratio Between Sugar Produced and

the Ratio Between the sugar Content in Beets and Molasses

National Northern Southern Best in
Average Average Average Spain
Sugar Produced/Sugar
in beets 0.788 0.829 0.715 0.861
Molasses/Sugar 0.465 0.328 0.719 0.29

We can see that the Southern facilities produce much more molasses than
the Northern plants, and that the sugar produced/sugar in beets ratio is much
lower in the South.

The present molasses sugar content in Southern plants is from 45 to 50%
of the sugar production (one of the Southern firms has figures similar to
those of the North because it uses a system of sugar recovery from molasses).

There are two ways to recover the sugar currently lost in the molasses.

The first is the total demineralisation of the juices. This system
would justify itself completely if it allowed the Southern facilities to
approach the average levels of the Northern plants,

However, the true economic drawbacks to this change are:

- the uncertairty of the actual recovery level;

- the high reagent consumption;
- the production of residual waters.
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Since molasses formation has very complex causes, it would be advisable
to study the advantages in demineralisation experimentally before embarking on

this possible improvement.

The second sugar recovery procedure consists of ionic treatment of the

molasses.

The most common process replaces the monovalent Na+ and K+ ions in the

second-run molasses with Mg++.

One plant in the south is row treating its second-run molasses and has

reduced its molasses production,

These operations increase the white sugar yield index, thereby lowering

the energy cost per unit of product.

Table 2.6 lists the estimated figures for investments, molasses
production, and decreases in specific energy consumption for four plants that
have proposed this investrent.

The economic results are quite faverrable since the profits from tin
sales of the higher sugar production repay the investment in a single season,
making the amortization then less than one season.

Nevertheless, the process yield should be tested experimentally before
undertaking such improvements to determine whether the yield will actually
approach such levels and if the operating costs do not make the process
prohibitive.

2.2.4 Replacement of the Calender Tubes of the Evaporation Chambers

The replacement of the calenders of the last evaporation chambers by
stainless steel tubing (more recommendable in tie Southern sugar mills, where
Juice is more prone to form deposits in the tubes) leads to savings in several

areas.
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Table 2.6

Sugar Recovery from Molasses

Investment Largest Specific Consumption
Molasses/Sugar (millions of Sugar Current Foreseen Reduction In
Inst. Current Foreseen Pesetas) Production TTh/T az) (Th/t az) Sp. Cons. (%)

Total demin. of juice 1 0.746 0.38 168 14.0C0 3,616.4 2,868.2 20.69
Treatment of syrups 1 C.746 0.38 185 14.000 3,616.2 20.69
Total demin. of juice 2 0.73 0.384 168 14.000 2,929.0 2,342.7 20.02
Treatment of syrups 2 0.73 C.384 185 14.000 2,929.0 2,342.7 20.2

Total demin. of juice 3 C.75 C.473 87 6.150 4,356.9 3,367.7 22.70
Treatment of syrups 3 0.75 0.473 98 6.150 4,356.9 3,367.7 22.70
Total demin. of juice 4 0.85 0.527 106 5.800 4,620 3,815.4 17.42

Treatment of SyTups 4 0.85 0.527 100 5.800 4,620 . 3,815.4 17.42




- Less sugar loss in the first chamber, due to lower temperature of the
juice;

- Less labour required for chamber cleaning;

- Larger useful transmission surface, throughout the season;

- Greater electrical production, due to lower back pressure.

The overall worth, and therefore the profit ratio, on the investment is
difficult to determine; but the modification lends operating security to the
facilities, which may compensate for the lack of profitability.

Of the facilities studied, eleven have proposed this type of improvement.

2.2.5 Other Improvements

This heading includes all improvements in general that have not been

included in the previous groupings.

Among the general improvements, three of the 19 plants have inspected
and impreved their facility's insulation.

Table 2.7 shows the corresponding figures for savings and investments.

Table 2.7
Other Improvements

Investments
Savings (In thousands Amortization

Improvement Ztoei of Pesetas) (Months) (Seasons)
General inspection

of insulation 122.4 1,620 24 2
General inspection

of insulation 83.6 630 13 1
Fuel tank insulation 193.5 2,472 48 4
Totals 399.5 7,722 33 2.7
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Another type of improvement presented is the evaluation and installation

of instrumentation and control equipment throughout the plant.

Sixteen of the 19 plants studied have undertaken this type of
improvement. while a profit ratio cannot be directly assigned, the immediate
advantage consists of greater ease in contrelling the plant and keeping it in
top wurking condition.

2.3 Correlations

With the study data, the savings, investments and amortization periods
have been correlated, ylelding curves which have been adjusted according to
the series of original points. The curves obtained appear in Figures:

- 2.3 Savings/amortization period/investment ratio

- 2.4 Investment/amortization period ratio

- 2.5 Investment/% of savings ratio.

3. FINAL CONSIDERATIONS AND RECIMMENDAT IONS

3.1 Relations with Other Industrial Sectors

In most cases, the sugar industry operates in isolation, far from other

industrial facilities, and with no interdependent relationship to these.
The only point of contact with other industries is established in the
use of molasses, which is normally fermented to produce ethyl alcohol. Spain

has several alcohol plants which ferment molasses.

Molasses is also used as raw material in the manufacture of citric acid
and other products (phthalic acid, yeasts, etc.).
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Consequently, as the sugar industry works short but very intensive
seasons, its energy problem is eclipsed during the working period and must be
dealt with during the inter-season period by taking the necessary measures.

Pulp establishes no industrial relationships because it is sold directly

to the consumer.,
It is worthy of mention that in other counries pulp is consumed in farms
belonging to the sugar manufacturer (or associates), thus reducing drying

requirements.

3.2 International Trade Balance

Until recently, Spain has had to import sugar, Currently, increased
production has made Spain self-sufficient and has allowed for surpluses which
will probably be exported to compete with very low international prices that
tend to drop in reaction to pressure from new producers. An alternative would
be the creation and expansion of new industries that would use sugar, juice,
or enriched molasses as raw material.

3.3 Energy Savings Potential

Energy currently represents 6.42% of sugar manufacturing costs, whereas
under optimal conditions this figure could be reduced to 4,5%. Thus the
potential margin of savings is 1.92% of the sale price. While interesting,
this is not comparable to the much wider margins that may be lost or gained by
any other production variable.

3.4 Research in this Sector

Apart from the improvements proposed in these industries, others are
possible through expansion of existing sugar industry technology and should be
experinented with in pilot plants before their large-scale implementation.
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3.4.1 Recycling of Dryer Exhaust Gases to the Mixing Chamber, to temper the

Combust ion Gases

Figure 3.1. shows the present process flowchart for a rotary pulp
dryer. The dryer exhaust gases with their high heat content currently go

unused.

These gases could theoretically be used in the process itself to
pre-heat the combustion air. Another possible solution is to recycle part of
the system's effluent gases Lo the muffler to temper the combustion gases to
the dryer intake temperature. As the two solutions are not incompatible, they
may be applied simultaneously. Figure 3.2 shows the diagram of the proposed
process.

3.4.2 Preconcentration of the Diffusion Juice or Pre-limed Juice

With the heat from the fumes produced in vats, dryer fumes, or other
currently unused heat flows, the Juice can be preconcentrated to 20 Bx. This
should not present any difficulty as this concentration of Juice has on some
exceptional occasions been obtained and no filtering problems have arisen.

The heat needed for the filtering stage with Brix 20 is much less. The

heat saved, with a base Brix of 16 could be as high as 20%.

During evaporation, the savings obtainable with a Brix of 20 are

greater, as high as 25% of the heat required at present.

3.4.3 Integration of Boilers and Pulp Dryers

The heat required by the pulp dryers is approximately 40% of that

required by the boilers.

To function properly, pulp dgrying gases must be at a temperature of
between 750 and 800°C., This makes the integration of boilers and dryers
possible, wherein bhoiler gases are cooled to 8C0°C and then passed to the
dryers. In this way, some elements such as vaporizing convection beams,
economizers, etc., may be eliminated from the boilers.
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The combustion chamber is also eliminated from the dryers, burners are
Joined, and the fuel-oil network is simplified.

The dryer exhaust gases may be used to pre-heat combustion air.

Figure 3.3 shows the diagram of the proposed process.

3.4.4 Lengthening of the Season

One of the negative factors in the sugar beet industry is the shortness
of the season. Various approaches may be studied for lengthening it:

- Diversification of varieties of beet, both early and late types.,

- Location of factories in the border area between summer and winter zones.
- Canning of half-concentrated or concentrated Juice.

- Canning of beets.

- Drying of beets (Vecchis process).

All of these approaches are of passible interest and should be
developed. Regarding the last, the possibility of preserving beets, cleaned
and washed in cool (15°C) chambers or in an aseptic (502) atmosphere could
be studied.

3.4.5 Other points of interest that may be researched include the f:llowing:

- Vertical crystallizers

- Automatic cooking

- Review of the filtering process

- Sizing of motors

- Restructuring of the evaporator system to allow for partial utilisation
of the backflow

- Use of centrifuges in pulp drying

3.4.6 Implementation of the Research

In order for all these ideas, and many others not yet compiled, to be
put into practice, and for foreign technology to be adapted to the Spanish
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beet (quite different even when using the same seed), a sugar technology
research agency and a semi-industrial pilot/demonstration plant would be quite

useful.

Many more improvements are possible. As evidence of the possibilities,
there 1s the 7% savings in the 1976-77 season compared with 1975-76 aciieved
by merely adopting conventional measures, and the 10% lead that Frenct.,

Germany and Danish sugar mills have over us even today.
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FACTORS WHICH INFLUENCE THE RATIONAL USE OF ENERGY*

Gary Gaskin
Enirgy Department
World Bank

Julio Gamba
Industry Department
World Bank

In FY83, the World Bank loaned US$3.4 billion for energy projects which
amounted to 26% of the year's total commitments. Each project must be
econoinically and financially viable and the energy to Le provided under the

project should be efficiently consumed.

As a consequence of carrying out 30 energy assessments (joint UNDP/wWorld
Bank Project), and a series of studies on industrial energy conservation in
developing countries by the Bark a substantial potential for recovering the
efficiency of energy use has been identified. Particularly, it was observed
that:

(1) Some LDC's have a higher absolute energy consumption per unit of GDP
than developed countries.

(2)  The energy consumption per unit of GDP of LOC's is generally growing at

a faster rate than in developed countries.

(3)  LDC's generally have a higher specific energy consumption per unit of
product

* The views expressed in this paper are not necessarily those of the world
Bank.



The absolute energy consumption per unit of GDP for selected countries
is shown in Table 1. It is appreciated that the method and accuracy of
measuring GDP varies from country to country; however, several observations

can be made.

For the example selected, the energy intensities of developed countries
are closely grouped (standard deviation, Sx = 0.25); while those of the
developing ores are widely spread, (Sx = 0.62). This variation in ererqy
intensities reflects the diversity of economic structures within the LDC's

selected.

LOC's are generally moving to higher levels of energy intensities while

developing countries are decreasing their energy intensity.

As showrr in Table 2 there is consicerable diversity within the two
groups. Within the developed countries the performance of countries has
varieu considerably. For example, Japan has reduced intensity by an average
of -2.11% (1973/79) while Australia has increased intensity by +2.62% p.a.

Similarly within the LDC's, China (with a high absolute value) has
reduced intensity by -0.65% p.a. (75/80) while Nigeria increased energy

intensicy by +12.89% p.a.

fased on experience gained under the studies made so far it has become
apparent that some countries have ceveloped more effective energy management
pelicies and the success of these policies is somewhat reflected in the energy

intensity trends of Table 2.

The comprehensive identification of more effective energy policies is an
important input for the development of Bank policy and activities. The Bank
is aware of the need to better understand the interaction of the various
factors whicl impact on energy efficiency and the development: process, so that
programs can e prepared and their potential successful application in other

LDC's a priort assessed.
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Table 1

Energy Intensities of Selected Countries
(T"E PER US$000 of GOP at 1980 prices)

Developed Countries 1975 1980
U.S.A. G.77 0.70
Canada 0.89 0.95
Italy 0.40 0.37
Japan 0.38 0.35
Germany 0.35 0.33
France 0.30 0.31
- (AV) = 0.52 0.50
X
Sx (SD) = 0.25 0.26
95% CL =0.78 -0.2¢
Table 2
LDC's
China 2,13 2.06
Mexico 0.42 0.47
Brazil 0.36 0.36
Indonesia 0.36 0.35
Bangladesh 0.20 0.24
Ghana 0.12 0.16
Nigeria 0.06 0.11
Nepal 0.06 0.07
- (AV) = 0.44 0.46
X
Sx (SD) = 0.62 0.59
95% CL = 0.88

Source: Wworld Bsnk
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Market Factors

To develop an understanding of how erergy consumption interacts in the

market-place the following need to be considered:

(1)

(2)

(3)

(4)

(5)

To identify at each of the macro, sectoral and enterprise levels, which
policies anug measures promote and inhibit energy efficiency and the
subsequent impact on GDP. Relevant measures would include energy
pricing, energy management legislation, institutional arrangements,
audit/technical assistance programs, fiscal and other incentives,
promotional/educational programs, special financial assistance and

restrictions on the import of foreign technolugy.

To develop a set of indicators of energy intensity and efficiency which
will aid in the examination of appropriate policies and will provide a
set af benchmark data against which energy efficiency indicators
collectea in future wock can be measured. These indicators should range
from the macro tc the enterprise level and across sectors. For example,
energy consumption per unit of output, toe/$1000 of GDP or MJ/tunne of
product; MJ/tonne of product; MJ/tonne -km for freight transport and
MJ/m2 for buildings.

To determine why and how policies work, tugether with such indications
as are possible as to their impact on energy intensity and efficient

energy utilization,

To identify the relative importance of management Loth at government and
consumer levels, as it relates to the various groups in the

supply/oemand chain.
To identify the importance of technology transfer mechanisms and the

most effective way to facilitate the transfer of energy efficiency
technology.
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In trying to understand the energy consumption process, many practical

problems are encountered; some examples are as follows:

(1)  Lack of vata on energy use. Although this problem is by now almost
solved in developed countries, many LDC's have not yet developed

comprehensive enerqy data gatnering and reporting systems,
(2)  Accuracy of indicators. variations in methodology and computing
techniques can cause significant variations jin easured variables,

making intra- and inter-country comparisons impossible.

(3)  lack of standardization in both collection units and sector definitions

makes inter-country comparisons a very difficult task.

Strategies for Improving Energy Efficiency

Notwithstanding the problems enounlered above, the Bank's experiernce
indicates that the success of some industrialized nations in improving energy
efficiency both in terms of reducing the eneryy input per unit of output and
in reducing the cost of energy inputs through substitution for more economical
Forms of energy, suggests that there are lessons from their experience
pussible worthy of transfer to the developing world. Efforts to date in soine
LOCs are yielding some worthwhile results covering both energy efficiency and

transformation of the energy supply mix.

Qbstacles to Rational Lneray Use

Experience so far has also shown that there are barriers holding back

the rapid adoption of energy efficiency efforts in some LDC's.
These barriers may be categorized as follows:

(1)  Lack of awareness: government, officials, managers, technicians,
urivers, workers, householders, farmers, etc. are frequentiy unaware of

the importance of/or opportunities for enerqgy conservation, or that
energy efriciency may be significantly affected by their own
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(iii)

(iv)

(v)

decisions or behaviour and have a significant impact on their personal
economic well-being or that of the institutions or enterprises for which
they work; people may simply be unaware of the absolute and relative
cost of eneryy in their personal or occupational activities or within
their particular enterprise, and the impact that energy savings could

have on the profitability of the enterprise;

Attitudinal: official, professional and private individuals, from
government otficials to householuers, may not feel that energy efficient
behaviour or decisions deserve significant priority in their business
aftairs or private lives; they may not see it as attractive as
increasing energy supplies or pursuing other strategies; they may also
perceive that the benetfits of energy efficient measures may not be
confidently relied upon to exceed their cost sufficiently; indeed the
lack ot favorable attitudes towards eneryy savings may Jjust be part of

an overall lack ot cost consciousness or profit orientation;

Institutional: governments may have no departments or other
institutional entities with clear responsibility for designing and
implementing enerqy efficiency policies or programmes; there may be
little legislative ur reqgulatory framework addressing energy maragement
responsibilitizs; and capable profit-oriented cost conscious managers,

technicians and operators may be in short supply;

Techrical: the Lechnical know-how may be inadeguate within governments
and enterprises or on the part of private individuals to take on the
task ot designing «nd implementing eneryy conservation measures cr
investments; appropriate technology, goods or services may not be
available to assist Individuals and enterprises to improve their energy

efficiency;

Economic/Markel: national economies and markets within them may not

respond rationally or quickly to price and other stimuli for some of the
reasons just mentoneu or because certain distortions exist between the
price of energy charyged to ccnsumers versus its economic opportunity

cosl, or because tariffs, taxes, interest rates or other economic and
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financial policy variables restrict the availability of energy efficient
goods or services, or of more efficient energy alternatives; conversely,
such policy instruments may not be sufficient to induce individuals or
enterprises to behave in the encrgy efficiency interests of the econony ;
also, the impact of higner energy prices may be diluted in an economy
where the consumers of energy can easily pass on the cost through
increasec prices for tneir qoods or services, either through lack of
competition or Lecause the price of energy-intensive goods and services

are regulated on a primarily cost-plus basis;

Financial: individuals, enterprises or governments may have insufficient
financial resources at an attractive cost to induce them to incur costs
Or make investments that will improve energy efficiency, or, they may

only have sufficient funds to devote to other purposes e.g. expansion of

production, to which they would then assign higher priority.

Energy management strategies need to be designed to address these

obstacles anu targeted to the relevant energy-consuming sectors of the economy,

Cemand Management Strategies

Experience has shcwn that a comprehensive set of energy demand

management strategies which will induce rational decision making on enerqy

efficiency includes some combination of the following:

(1)

Legislative Framework

Virtually all the industrialized countries have some form of legislation
dealing with energy conservation. Some developing countries have also
enacted such legislation. These laws vary in their scope, and may
designate governmental organizational responsibilities and powers for
various conservation policies and programs; may require certain
practices (audits, ENergy managers, etc.) on the part of enterprises,
and may set the framework for regulatory measures to be developed by
various agencies or levels of Governments that deal with particular
sectors of economy. Such legislation is one important sign of a
government's commitment to improving energy efficiency.
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(ii)

Institutional Framework

Most industrialized countries have for some time had officially
established agencies or departments with the specific responsibility for
national energy conservation policies ana programs. These are normally
an organizaticnal arm of the Ministry or Department of Energy but are
sometimes in the Ministry or Department of Industry. Few LDC
Governments have established such functions: some nave done so in only a
token way. Normally, these agencies develop and administer various
informational/promotional programs aimed at the various energy/consuming
sectors, and sometimes cvsrsve sizeable budgets for the support of
industrial energy audit programs, tecnnical assistance, home insulation
and research and development. A few ccuntries, e.g. Japan, have also
established governmental/industrially supported Energy Conservation
Centers providing technical assistance to energy users, but many
countries have left this more intensive activity to private consulting
firms or other types of private institutions. Some countries have
established energy audit or technical assistance arms within or linked

to energy supply enterprises (utilities, petroleum companies).

(iii) Rational Pricing Policies

It is widely Lelievea that the pricing of the various forms of energy
should bLrnadly be based on opportunity costs (usually border prices for
internationally tradea forms of energy) to achicve ratiocnal patterns of
supply anc consumption of the erergy options available to those
countries. Most LOC governments excrcise some degree of control over
energy pricing, either directly or through various forms of taxation,
but many are prone to subsidize directly or indirectly and thereby
distort supply ana consumption patterns. Of nearly thirty countries
covered so far by the Energy Assessment Proyram, less than a third
follow across the board opportunity cost pricing, over a third have a
"mixed" approach, and about a thirc have severe price distortions in
nearly every form of emergy. In the short term, many energy users, even
in the wmore market-oriented LUC's, have not responded to price changes
and differentials as ratienally or quickly as in less regulated, more
mociern free-market economies. Some of the barriers to this response
have already been ocutlined above, and some of the non-price measures to
counteract this phenomenon are discussed in the following paragraphs.
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(iv)

(v)

There are many examples where energy intensity is excessive due to
under-pricing of energy, or where steps towards fuel substitution are
not taken due to distortions in fuel pricing structures. Such
distortions are not so common for industrial petroleum fuels or gasoline
but are widespread for power, domestic coal, kerosene and diesel fuel,
for a variety fo political anc economic reasons. The full impact of
rational energy pricing cannot be realized in some countries in the
short term, however, until the "pass-through" effects to
energy-intensive goods or services are curtailed by lesser regulation
and greater competitive pressures, and until energy intensive economies
can be restructured to mere efficient levels so as to minimize the
economic/financial disruption that dramatic energy price increases would

produce,

Promotionai/Education Programs

The lack of awareness and attitudinal bariers to inproved energy
efficiency discussed above have been the target of a variety of
promotional anu eaucational programs in virtually all industrialized
countries, and in an increasing number of LEC's. These programs are
implemented by Government agencies, erergy conservation centers and
institutes, consultants and energy supply enterprises. They are thus in
both the public anu private sectors. a variety of media are used and in
many countries special programs are targeted to schools and specific
industrial or commercial groups. The impact of such programs is limited
however, without more intensive complementary efforts involving
specialized enmergy audits, training andg technical/managerial assistance.

Audit, Technical Assistance and Training Programs

Many countries have introducea or promoted the development of national
programs and capabilities to provide industrial and commercial
enterprises, farmers and householders witn a variety of technical
services to analyze and improve their enrgy consumption and management .
Varying mechanisms are used for providing these services through
government agencies, commercial/industrial trade associations, private
consultants, academic/research institutions and energy supply
enterprises. Such programs can be truly effective, whether in
industrial plants, transportation enterprises, commercial buildings or
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(vii)

residences and are an essential component of any national energy
efficiency program. Some countries have legislation or regulations that
require energy audits for certain enterprises and some subsidize their

cost.

Economic, Fiscal and Trade Policies

Apart from the pricing, legisiative and institutional pclicies discussed
above, there are a variety of other government policies that can
influence a nation's energy efficiency efforts. These may include
tariff and non-tariff policies that encourage or restrict the investment
in, import or domestic production of a variety of energy conserving,
consuming or converting equipment, techriology or know-how. Such
policies may greatly influence whether a nation has available and makes
use of more energy efficient industrial plant and equipment, motor
vehicles and other transport eguipment, energy control systems, solar
equipment, stoves, electric appliances, energy efficient building
materials, etc. Regulatory policy may also induce local manufacturers
to improve and promote the energy efficiency of their products as has
Deen so successtully done for automobiles anu appliances in some

industrialized countries.

Capital Allocation/Financial Assistance

Witih increased pressures on capital availabiity and interest rates still
high in real terms, priorities for investment in energy supply and
demand option need even greater scrutiny. Experience has shown that
greater recognition still reeds to be given by governments and
enterprises that investment in eneryy efficiency improvements can have
high economic and financial returns and the cost of a barrel of oil, ton
of coal or kilowatt hour savec is often much less than the cost of
incremental supply. Nevertheless, governments and businesses have a
predisposition to GOP-increasing, revenue-earning and supply oriented
investments, and cost-saving measures often need some extra incentive
before they are taken. One way of doing this is to allocate special
funds for such investments, sometimes at concessional interest rates.
Brazil had done this with some success, and tne Bank has supported

energy conservation financing by development of finance institutions.

- 52“ -



(viii)

Such furds can be earmarked not only for energy-saving or substitution
investments by energy consumers, but also for productive investment,
R&D and for more effirient energy consuming or converting equipment
(boilers, generators, solar heaters, etc.).

Energy Information Systems
The Bank's experience has shown that very few LDC's have adequate

information on the consumption of enmergy. Most have broad statistics
by sector (industry, transport, gasoline, coal, power, etc.), although
such sectoral data is often not rigorously categorized, with "overlaps"
betweer: sectors (for example, transport enerqy consumption within the
industrial and agricultural sectors, residential energy within the
agricultural sector, etc.),. Hardly any countries have data by
sub-sector (e.g. iron and steel, fertilizers, road transport,
residential v comercial buildings, etc.) by type of energy and data on
the consumption of fuelwood and other traditional fuels are extremely
rough, even though in many countries such fuels account for over half
of total energy consumption. A growing number of countries are
receiving assistance for/or preparing on their own detailed energy
balances to provide information bases for energy planning, including
demand management. Also, enerygy audit programs, at least in the larger
industrial plants, are beginning to build up energy consumption
information at the enterprise level. There is a long way to go,
however, to get to the point where national energy information systems
are adequate for effective monitoring of energy use patterns, so that
demand management and supply strategies can be developed and revised in
a dynamic and more effective way, and their impact assessed.

Priorities and Options for Energy Efficiency Improvement in the Key Consuming

Sectors

Most of the strategies discussed above are relevant, in varying

combinations, to impruving energy efficiency in each of the key consuming

sectors: industry, transport, agriculture, residential and commercial,
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Potential Savings and Related Investments and Technical Assistance Needs

The potential for substantial enmergy savings in the LDC's is clear, and
the costs of bringing these about ir the short-term are such that net economic
benefits will be extremely high. Wwhere investment is required, particularly
in industry, investment returns are attractive. If the requisite policies,
programs, as well as financial, managerial and technical assistance could be
put in place durire the 198C's, LDC energy consumption could be at least 20%
less in 1990 than it would be if recent trends are extrapolated. Savings by
the year 2000 could exceeo 30s., On the perhaps more realistic assumption that
policy changes and the allocation of fimancial and human resources will
continue to be hampered by some of the obstacles discussed earlier, savings
between 1980 and 1990 might be closer to 10% i.e. energy demand growth could
be reduceu by about 1% per annum for a given rate and pattern of ecuonomic

growtn.

The investment requirements to modify existing inoustrial plants to
achieve some of these savings is enormous, and a considerable proportion of
the potential savings can be achieved at little cost. Investment requirements
for improved energy efficiency in other sectors are mainly not susceptible to
being labelled eneryy efficiency or conservation investments i.e. investment
in more efficient transport vehicles, power distribution systems, agricultural
equipment anu more efficient buildings clearly serve other needs beyond energy
efficiency. Retrofitting in the transport, power, agriculture and buildings
sectors clearly has icentifiable costs but insufficient information is
available to make meaningful estimates a% this point and much of the cost
woula Le more appropriately categorized as operating rather than capital cost.

Also of relevance, particularly in the short-term, are the resources
required for technical/managerial assistance to design an